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INTRODUCTION 
Gras s l ands compri s e  s ix percent o f  the earth's l and 
surfac e . Thi s  s ix percent i s  called upon to produce mo st of 
man's food , because the mos t  ferti le so i l s  gene r a l ly deve lop 
under a _ gra s s land ecosystem (Van Dyne , 1 9 7 3 ) . Gras s l and 
re search· has been conducted at Cottonwood Range S tation for 
a number of year s ; however ,  s ince 1 9 7 0  much of the research 
has been conducted under the I nternational Biolog i c a l  
Program ( I BP ) Gras s land Biome Program . The I BP represents 
a collective e f fort o f  s cient i s ts , federal and private 
lab s  to conduct a comprehens ive sc ienti f i c  apprai s a l  o f  
the interaction o f  c l imate , soil , plants and anima l s  on 
gra s s land s i te s ( Abe l l , 1 9 7 1 ; Arehart , 1 9 7 1  and Van Dyne , 
1 9 7 1 ) . The ultimate goal o f  the IBP i s  to cons truct a 
gra s s l and ecosys tem mode l . Be fore an eco sy s tem c an be 
mode led , its components mus t  be known . S o i l a lgae repre sent 
one component of South Dakota gra s s land ecosys tems whi ch has 
not been inves t i ga ted previous ly . . 
Previous ly s tudi e s  have been conducted on the taxonomy 
of and the occur rence o f  a l gae in the s o i l . Mor e  recently 
there have been inves tigations into the interre l a tions 
between a lgae and the ir environments; however , mo s t  o f 
thi s work has been observationa l in nature rather than 
quantitative . 
S tokes ( 1 9 4 0 ) , Fritsch and John ( 1 9 4 2 ) and- F r i t s ch 
(19 2 2 )  conduc ted the bas ic research �n s o i l  a l gae and their 
environrne rit a l  interaction . More redently , Ri is ( 1 9 7 2 )  in 
Rus s ia ,  has evaluated the e ffect of environmental factors 
on blue �green a lgae in the soil . In this country Smith 
and Brock ( 1 9 7 3  a and b) h ave conducted exper iments eva l­
uati�g the e ff e c t s  of water abailab i l ity on the d i s tribu­
tion o f  Cyanidiurn caldarium in the ·soil . A l tho�gh l ittle 
work has been done evaluating the role o f  soi l a lgae in 
its natural eco�ystem , preliminary experiments have been 
conducted by F r i t s ch and John ( 1 9 42) , Fairchild and Wil lson 
( 1 9 6 7 )  and John ( 1 9 4 2 ) . 
Fore s t ,  Mi l ler and Raizen ( 1 9 6 3 )  and Hutche son and 
Ol son ( 1 9 6 7 )  h ave ·conducted two of the only inve s tigations 
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on s o i l  algae in a prairie ecosys tem . The pre s ent inve s t­
igat ion dea l t  f ir s t  with ide ntification o f  genera o f  a �gae 
pre sent in the soil and an evaluation of the i r  numbers . 
S econda r i l y  a relationship was e s tablished b e tween the 
numbers o f  a l gae in the soil ( by specie s ) and the i r  
environment, by corre lation coe f ficients . T h e  var ia tion · in 
the environment was then us ed to predic t the o ccurrence o f  
algae in the soil us ing s tepwise additive mul t ip l e  regre s s ion 
ana lys i s . Final ly s everal environmental factors were 
evaluated under contro l led conditions to de termine the ir 
e ffect on soil algal growth . Changes in a lgal biomas s 
were determined spectrophotome trica lly from chlorophyl l  
extraction . 
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L I TERATURE REVIEW 
S c ienti s t s  have long been aware tha t  algae we re present 
in the s oi l . Re s earchers have found that algae can p l ay an 
impor tant role in the nitrogen cyc l e  in t he s o i l  ( Came ron 
and Ful l e r , 1 9 6 0 ; Granha l l  and Henriksson , 1 9 6 9 ; Henr iks son ,  
Encke l l  and Henriks s on ,  1 9 72 ;  and Shield s and Durre ll , 
19 6 4 ) . S o i l  a l gae con s ti tute the initia l succe s s ional 
s tage on s ubs trate s poor in plant nutrients ( Sh i e lds and 
Durre l l , 1 9 6 4 ) . Fore s t , England a nd Wi l l s on ( 1 9 5 9 ) found 
there wer e  no spe c i f i c  pioneer species o f  a l gae and co loni­
zation was u sual ly affec ted by the mos t  common al gae in the 
s urrounding pra irie ; however , Booth (1 9 4 1 )  found that the 
Myxophyceae con s t i tuted the init i a l  stage of p lant 
s ucce s s ion . 
In addi tion to being the fir s t  coloni ze r s  o f  barren 
ground , a lgae he lp to improve the inf i l tr ation , to decrease 
runof f  ( Be utner and Anderson , 1 9 4 3 ;  Bors t  and Woodburn , 
19 4 2 )  and upon the i r  death alter _the top s o i l  by providing 
sur face humus ( Sh i e lds and Durre l l , 1 9 6 4 ) . Booth ( 1 9 4 1 )  
found that s o i l  l o s s e s  from plots prote c ted by a n  algal 
s tratum were greatly reduced as compared with lo s s e s from 
bare area s . The re a l so seemed to be a s l ightly higher 
water content in the top inches o f  soil that had the 
prote c t ion of an a lgal l ayer . Algae cover ing the surface 
o f  dry , s a ndy s o i l  regulate the mois ture 0£ th� s o i l , 
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while at the s ame time providing s subs trate for germina­
ting s eeds {Fr it s ch , 1 9 0 7 ) . 
Even though algae are known to have a l l  o f  the above 
mentioned ro le s , little is known of the interre l ationships 
of a lgae and other.soil organisms and the e ffect of s uch 
important environmenta l factors as season of the year , 
soil pH , s o il moi s ture and organic content on the soil 
algae population {Stokes , 1 9 4 0 ) . S toke s {1 9 4 0 )  found there 
were c le a r  indipations that after periods of rain or sno� 
the a lgal population tended to increase in numbe rs , · and 
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that the optimum mois ture range for alga l growth wa s be­
tween forty and s ixty percent of the mois ture ho lding 
capacity of the soil . In  research in Rus s ia ,  Riis ( 1 9 7 2 ) 
found that the a l gae count of soil s  of the E s tonia S S R  was 
more directly a f f ected by the mois ture than by temperature , 
and that a mo is ture content of 2 5  to 4 5  pe rcent was found 
mos t  favorab l e  for the development of a soil algae pop­
ulation ( pr imar ily b l ue-green algae ) . In the s ame in­
ves tigation the algae count of the examined s o il type s 
decrease d  cons tantly with a rise in temperatur e  reaching a 
minimum l eve l at approximate ly 10 to 1 7 . 8 ° C depending on the 
soil type . The algae count , however ,  did not aecrea s e  wi th 
lowering temperature . 
Shie ld s  and Durr e l l  ( 1 96 4 )  s tate that temperature is 
not very signif icant a s  a factor in determi ning a l ga l 
distr ibution in the soil . They also s tate that a l ga l  
dis tribution i s  influenced le s s  by the nature o f  the s ub­
s trate than by the soil mois ture . However ,  texture o f  the 
subs trate s trongly influences the inc idence of diatoms and 
blue- green spe c ie s . They also l i s t  four majo r  factors 
which influrence the di s tr ibution of s o i l  a lgae : 1 )  s ub­
strate , 2 )  s o i l  pH , 3 )  water requirements and 4 )  depth of 
the s oi l . The water requirement is con s idered to be the 
" factor which mos t  fr�quently l imi ts the d i s tr ibution of . 
spe c i e s  not res i s tant to des i ccation , par ti c ul ar ly the 
Chlorophyceae . "  
There have b�en several s tud ies conducted on the re­
lations between soi l algae and mo is ture avai l abi l i ty . The 
pilot s tudi e s  in thi s area were conducted in Great Br itain , 
by F r i t s ch , Haines and Frayrnouth . The ini ti a l  ·pub l i cation 
of thi s  inve s tigation (Fritsch , 1 9 2 2 )  dea l t  with general 
observa tions on the interre lationships o f  a lgae and other 
factor s . An important. observation was that ordinary 
vegetative c e l l s , without any marked change and wi thout 
any spe c i a l  thi cken ing of the wal l , can withs tand pro longed 
drought . Thi s  faculty i s  othe�wi se pos s e s s ed only by the 
spec i a l  r e s t ing ce l l s . Fritsch continue s on to point out 
that change s in so i l  algae mo ist we ight corre spond more 
dire c t ly to humidity than to soil water . F r i tsch ( 1 9 2 2 )  
conc l ude s that the protoplast o f  soil  a l gae upon drying 
remains in c lo s e  contact with the c e l l  wal l  which a l lows 
6 
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water to be inbibed thro�gh the ce11 wal l . Thi s  drying 
i s  diffe rent from that of a flowe r ing plant , s ince air-dried 
ce l l s  s t i l l  contain a cons iderable amount of water . 
Terres tria l a l gae require only sma l l  amount s  o f  water to 
replace tha t  l o s t  by the protop l a s t  whi le dry ing and large 
amounts of water may be absorbed from the atmo s phere when 
the humidi ty i s  h i gh . Fritsch and Haine s ( 1 9 2 3 )  dea l t  
with change s in s o i l  a l gae during exposure t o  drough t and 
hyperton i c  so l utions and Fraymouth .( 1 9 28 ) in the th ird 
paper of thi s  s e r i e s  attempted to measure r e s pi ration of 
te rres t ri a l  algae by measuring the oxygen uptake . 
I n  a s tudy on crust formation, Shi e l �s and Durre l l  
( 1 9 6 4 )  conc luded that Mi crocol eus vaginatus , a b l ue -green 
algal , functioned primari ly in crust formation . The water­
holding c apac i ty o f  the sheath contr ibute s  to the s urviva l 
of algal c e l l s  and improve s mois ture re l ations in the crus t . 
In add i t i on the co l loidal sheath b i nds partic l e s  o f  the 
arid s o i l  into a web- like matrix which helps cons o l idate 
a surface crus t . 
More recently Smith and Brock ( 1 9 7 3  a and b )  have 
pub l i shed two d i f ferent papers de al ing with the water re­
lations and d i s tr ibution of Cyanidium ca ldar ium in the soi l . 
I t  was shown tha t  the photo synthetic abi l i ty and the 
presence of Cyan idium in ho t , acid soi l s  in Ye l lows tone 
National Park are related to the water s t atus o f  the soi l . 
Thi s  par t i cular speci e s  seems to be ver y  s en s i t ive to re­
duced wat e r  potential . The depth at which the a lg a l  l ayer 
is found i s  dete�mined by the reduced ava i l ab i li ty of l ight 
below the s o i l , along with the increased water potenti al . 
Perhaps o f  even more importance i s  the fact that the s e  re­
sults demonstr ated that measurements o f  ecologi c a l  impor­
tance can be made directly on natural population s  of s o i l  
algae { Sm i th and Brock , 1 9 7 3 a ) . 
I n  their s econd paper , Smith and Brock { 1 9 7 3b )  s how 
that the d i s tribution of Cyanidium caldarium i n  d i f ferent 
soil area s  appeared to be related to the s en s i tivity to 
water s tr e s s . Smith and Brock { 1 9 7 3a and b )  poi n t  out in 
both paper s that the interaction of reduced l i gh t  inten s ity 
below the soi l  surface wi th the increa s ed water potential 
tends to d e f i ne the pos ition of the algal layer . Cyanidium 
caldar ium, therefore , tends to l ive in a s o i l  hori zon where 
the water potential remains fairly cons tant . Thi s is in 
c ontras t  to a lgae which l ive on the surface of the soi l  and 
which are exposed to considerable var iation i n  water 
ava i l ab i l i ty .  I t  appears t�at sea sonal vari at ions seen in 
the s e  surf ac e  forms is directly corre lated wi th the degree 
of de s si c a ti on o f  the soi l ( Smith and Brock, 1 9 7 3 a ) . 
Anothe r  paper which dea l s  wi th the d i s tr ibution of 
edaph i c  a l gae is by MacEntee , Sc�reckenberg and Bold ( 1 9 7 3 ) . 
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Afte r  three mon ths os s ampling , and 1 5 5  s ample s ,  a l l  but two 
of the s amp l e s  contained algae . The s amp l e s  we re t aken in 
an area vegetated by Pinus . P a lme l loid green a l gae 
( Gleocys t i s  and Ch lamydomonas ) '  and b lue- green a l gae were not 
abundant i n  thi s  a c id s oi l . Xanthophyceae a lgae were found 
onl y  in the und i s turbed pine soi l s  and the a lgal f lora of 
cultivated s o i l s  was r i cher than that of unc u l t i vated soils . 
The e ffe c t s  o f  temperature.extreme s on the s ur viva l  o f  algae 
in de s i c ca ted �oi l s  we re also s tudied . I t  was found that 
the a lgae that were mos t  res i s tant to des ic ca t i on were the 
s ame algae that were mos t  abundant in the gener a l  s urvey 
(Te tracys tis , Ch lorococcum ,  Phormidiurn, an<f Ch lamydomonas ) . 
In thi s  s tudy ( MacEntee , S chreckenberg and Bo ld , 1 9 7 3 ) , in 
contras t to the earlier s tudy by Frits ch and H aine s { 19 2 3 ) , 
it was conc luded tha t  the morphological and phy s io logical 
adaptations by whi ch algae s urvive des ic c ation are various 
type s of re s i s tant ce l l s . Re s i s tant cel l s  found , among others 
were , heterocy s ts and akinetes in blue- green a l gae and zycotes , 
hypno spore s and ak inetes in green a lgae . They a l so found 
the a lgae mos t  re s is tant to temperature extreme s wer e  Ana­
baena and C a lothrix , both of which produce res i s tant ce l l s  
and Pho rmid i um ,  for wh i ch no re s i s tant c e l l s  h�ve bee n  dis­
covered . They conc luded that the re i s  no o rde r l ine s s or pre­
dictabiiity in the dis tribution in the a l ga l  f lo ra of the soil . 
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There have been numerous s tudies conducted on the algal 
flora o f  d i fferent areas . Much of the i n i t i a l  work on soi l 
alga l popul a t ions was carried out in Gre a t  Britain . Roach 
( 1 9 2 0 ) conduc ted a research project on the a l g a l  f lora of 
some d e s i ccated English soi l s . Cultures were made in 
s ter i l i z e d  ve s se l s  which contained a s te r i l e  c u lture media . 
Bri s to l  arrive s  a t  the conc lus ion that s o i l  d i a toms should 
be con s i dered a s  independent species or vari et i e s because 
it is the i r  sma l l  s i ze which enable them to e s tabl i s h  
themse lves in a hab i tat which would be unab le t o  s upport 
l i fe or growth in the larger aquat ic spe c ie s . She a l s o  found 
that b l ue - green a lgae are l e s s  univers a l ly pre s ent in the 
soi l than are e i ther diatoms or green algae, and that the 
soi l s  examined which were r i ch in blue-green a lgae conta ined 
onl y  a few spe c i e s  of diatoms and vice ver s a . The dominant 
algae found were : Han t z s chia amphioxys, Trochi s chia aspera , 
Chlore l la , sp . , Heterococcus viridis, Protococcus viridis 
and Chlamydomon·as muscuco la were also important soil species . .  
Roach ( 1 9 2 7 )  used the serial di lution technique to 
e s �imat e  the population of algae and concl uded that it was 
very hard to e s t imate the occurrence of b lue- green algae 
from the s e  culture s . The top six inch e s  of s o i l  tended to 
contain l arge numbers of a lgae and she found there were . no 
s igni fic ant d i f ferences between the a lgae at the 4 - inch 
depth and thos e  in the top inch . . She conc luded that the re 
was a de finite f lora capable o f  growth and mult i p l i c ation 
be low the ·ground and that this algal f lora of the so i l  i s  
made up o f  two types o f  organi sms , the surface forms and 
the true s o i l  forms which appear to be equ a l ly at home on 
the surface and in 'the lower layer s . 
Lund ( 1 9 4 5 - 4 6 ) , who also inve s tigated s o i l  d i atoms in 
Great B r i ta i n , reached the fol lowing conc lus ions: 
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1 .  That diatoms are more abundant than the Myxophyceae 
and about as abundant as the Ch lorophyceae in the 
s o i l . 
2 .  That diatoms are poorly repre sented i n  b a s e­
d e f i cient s o i l s . 
3. That diatoms with the exception o f  Hant z ch i a 
amphioxys are more common on the actual s ur face , 
and tended to decrea se rapidly with depth . 
I t  shou ld be noted , however ,  that Lund d i d  not col le c t  
during p e r i o d s  of extreme drought . Although t h e  d i a toms 
showed no s e a s onal success ion , they appea red to reach a 
maximum in spri ng and early summer , and the l e a s t_ growth · 
ap�eared i n  February . Lund goes on to point out d i fferences 
in the morpho logy of s oi l  diatoms a s  compared to diatoms 
from aquat i c  habitats . 
I n  the s econd paper in thi s  s erie s Lund ( 19 4 7 )  in­
ve s tigated groups other than diatoms . Again he d i d  not 
col l e c t  dur ing periods of extreme drought , from s o i l  that 
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had been recently dis turbed , o r  from gro�nd comp l e te l y  
covered by vegetation . He removed the top two centimeters 
of soil and . grew s amples on a covers l ip placed on the top of 
the soi l  s ample . Es tabli shing dominance b y  d i re c t  ob s er­
vation , he found Chlorophyceae were mos t  common and 
Myxophyce ae wer e  next ( Lund , 1 9 4 5- 46) . Myxophyceae tended 
to dominate o ld culture s . The s e  were not found i n  high ly 
ac id soi l s  a nd the ir dis tribution tended to depend on the 
avai lab i l i t y  of nutrients in the soi l . Thi s  was not 
neces s ari l y  the case with Chlorophyceae . 
Many taxonomic studies on the algal f lora o f  var ious 
areas o f  the Uni ted S tates have been conducted .  The results 
vary.· gre a t l y  from one study to another ,  whi ch i s  perhaps 
due to the vas t l y  d i f ferent geographic areas under con­
s ideration .  S o i l  algae populations have been inve s tigated 
from Death Val ley ( Durre l l , 1 9 62 ) to Ala s ka ( Came ron , 
Morel l i  and Blank , 1 9 65 ) . Cameron , More l l i  and B l ank ( 1 965 ) 
found that even under as adverse cond itions a s  wer e  found 
in the Val le y  of 1 0 , 0 0 0  Smokes Desert in Alaska many a lgae 
were pre s ent . Ten out of 12 soils tes ted under the se 
conditions had algal growth . 
The number o f  gen�ra of algae found in s o i l s  tends to 
vary gre a t l y  with the soil type s , and with geographic 
location . In Penns ylvania, MacEntee ( 1 9 7 0 ) and Mac Entee , 
S chreckenbe rg and Bold ( 1 9 7 3 )  found no areas wh ich yie lded 
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many k i nd s  of a lgae . Five to s ix genera was the greate s t  
number found i n  any one s ample . The low pH o f  t h e  s o i l was 
given a s  a pos s ib l e  reason for the complete abs e nce o f  
diatoms i n  the soi l s  examined . The low number s  o f  b l ue­
green a lgae were perhaps also due to the low pH , as b lue-
. green a�gae. general ly pre fer a more alka l ine so i l . I n  
Connec ticut 2 3  spec1e s  were isolated b y  H i l ton and Trainor 
(19 6 3 ) ; howeve r , no filamentous Chlorophyta or d i a toms we re 
obs e rved .  I n  a .  continuation of the s ame inve s ti gation , 
Trainor a l lowed the soil  to air dry for 1 0  year s , and even 
afte r  10 years he was s ti l l  able to i so l ate nine di f f e rent 
. genera . 
The a l ga l  flora of two Washington soi l s  was inve s tigat­
ed by F a i r ch i ld and Wi l l son ( 1 967 ) . In the i r  s tudy the 
algal f lora of a neutral , loamy soi l was compared to the 
algal f lora of an a lkaline , s andy soil . Twenty- two species 
( 11 b l ue - gr eens ,  8 greens and 3 diatoms ) were found i n  the 
loamy s o i l and 1 9  species ( 13 blue-green , 4 green , and 
2 diatoms )_were found in the s andy soi l . Greater d i s s imi­
larity than s imi larity exi s ted , in that there were n ine 
. genera unique to the loamy soi l and four whi ch were unique 
to the s andy s oi l . 
I nve s ti gations into the soil a lgae f lora have a l so· 
been carr ied out in extreme ly arid and hot regions . Algae 
have been found to be pres ent in the s o i l  even unde r these 
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adverse cond i t ions . Durre l l  ( 1 962 ) found 16 spec i e s  o f  
algae pre�ent in the soi l in Death Val l ey whe r e  t h e  soi l 
has a very h igh salt content , low moi s ture content and 
very h igh temperatures . These algae were found in an 
active ly l iving s tate , not a dormant s tage . 
I n  s emi -des ert sub s trate s ,  Sh ields, Mi tch e l l  and 
Drouet ( 1 9 5 7 )  found 1 4  algal spec ies . There were great 
differenc e s  in spec ies of algae found in the l ava s o i l and 
in the gyp s um s and . In both s i tuations the a lgae and 
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l i chen stab l i i z ed ·the surface crus ts through the death and 
decompos i tion of component cell s , parti cularly during 
periods of d e s i c cation . The algae and l i chens a l so re­
lease amino and other nitr�gen compounds; the s e  compounds 
are minera l i z e d  when moi s ture becomes avai lab l e  and are 
di stributed with the soi l wate r . In thi s  manner the s urface 
. growth of a l gae and lichens repre sent a continua l ly 
renewabl e  s upply of soil nitrogen . 
Chlorococcum seems .to be the " unive r s a l " s o i l  algal 
( Durre l l , 1 9 62 ; Lund , 1 9 4 5- 46 ;  MacEntee , 1 9 7 0 ; Mac Entee , 
Schreckenberg and Bo ld , 1 9 7 3; Martin , 1 9 4 0; S h ie ld s  and 
Durre l l , 1 9 64 and Roach , 1 9 2 0 , 19 2 7 ) . Diatoms are often 
l i s ted as one of the dominant groups of a l gae (Lund , 
1 9 4 5- 4 6 ;  Roach , 1 9 2 0 , 1 9 2 7  and Shie lds and Durre l l , 1 9 64 ) ; 
however , some inve s tigators
.
did not inc l ude the diatoms in 
the ir surveys ( Durre l l , 1 9 5 9  and Robbins , 1 9 1 2 ) .  
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The Myxophyta s eem to vary in importance wi th 
geograph i c  loc at ion and· the type o f  soi l pre s en t . The 
blue - green f i l amentous a lgae , Microcoleus , Phormi d ium ,  
Os c i l latoria and Anabaena , were usua l ly l i s ted a s  dominant 
algae { Cameron , 1 9 62 and 1 964 ; Durre l l ,  1 9 5 9 ;  F a irch i ld and 
Wi l l son , 1 9 67 ;  Marti n , 1 9 4 0 ;  Sh ield s and Durrell , 1 9 64 and 
Robbins , 1 912 ) . Even though blue �green filaments were 
l i s ted as dominant , the genus which domi nate s under d i f fer­
ent c ir cums tances varie s  greatl y .  Other algae which are 
often l i s te d  a s  dominants are: Chlorella { Fa i rch i l d  and 
Wi l lson · 1 9 67 and Shie lds and Durre l l , 1 9 64 )  , · Ch l amydomonas 
( Fa irch i ld and Willson , 1 9 67 ; MacEntee , 1 9 70 and MacEntee , 
Schreckenberg and Bo ld , 1 9 7 3 ) , and Protococcus ( Cameron , 
More l l i  and B l ank , 1 9 65 ; Durrell , 1 9 5 9  and Sh i e lds and 
Durre l l ,  1 9 64 ) . 
Fairch i ld and Will son { 1 9 6 7 )  obs erved a d i f ference 
in a l g a l  popu lations as sociated w i th the mac rovegetation . 
Shie lds and Durrell {1 9 �4 ) found b1ue-green a l ga e  to be 
more preva l ent in cultivated than uncultivated s o i l . 
Mac Entee {1 9 7 0 )  , . and MacEntee , Schreckenberg and Bold {1 9 7 3 )  
found a greater dive r s i ty o f  algae in cul tivated f i e lds 
than in und i s turbed soils ( forest) . Robbins ( 1 9 1 2 )  con­
c luded that cult ivation results in better aer a t ion of soil 
which is i n  turn favorable to the increased numbers and 
ac tivi ti e s  of s o i l  a lgae . Shields and Durre l l  ( 1 9 64 )  
found high numbe r s  of l egume s tended to favor t he 
deve lopment of green algae , while cereal c rops favored 
diatoms and b l ue-green algae . Furthermore ,  they found 
the d i s tr ibution of diatoms was often determined by the 
firmne s s  o f  the soi l  surfac e , the water content and the 
amount of shade . Durre l l  ( .1 9 6 2 ) stated that there d id not 
seem to b e  a de finite relationship between h igher p l ants 
and the d i s tr ibution of the algae in the so i l . 
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Cameron ( 1962 , 1 964 ) inve stigated the so i l  algae i n  the 
Sonoran Desert in Ari zona and found no correl ation between 
the di str�but ion of soi l  algae and the prominent d e sert 
plants . I n  mo s t  in stances the desert algae and l ichens 
were found in we l l - l ighted , open ground and not in c lose 
proximi t y  to vascu l ar vegetation . . Distr ibution in thi s 
case seemed to be determined , pr imari ly , b y  avai l ab le 
moi sture and l ight , and secondaril y ,  by the H+ concen­
tration . 
The s o i l  algal flora of Utah was inve s ti gated by Martin 
( 19 4 0 ) ,  but the results were inconclus ive regarding the 
variation in k inds of algae wi th the season . Ther e  was 
l itt le change in the kinds of algae that dominated at 
different t ime s of year; however , there was some i ndicat ion 
that the r e  i s  some seasonal variation in number s .  I n  
Penn sy lvania ( MacEntee , 19 7 0  and MacEntee ,  S chreckenberg 
and Bold , 19 7 3 )  found that the divers ity and frequency of 
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occurrence of a l gae increased between late winter and s ummer . 
The y  a l s o  found there were more algae in June than i n  March; 
however , the numb e r  of b lue-greens was lower in June . 
Quantifying soi l a l gal populations has pres ented a 
maj or probl em from 'the beginning of inve s tiga tion i n  this 
area . One p romi s ing area for inve s tigat ion i s  the use of 
chlorophyl l  extraction procedure s .  Ros s  ( 1 9 7 4 )  devel oped 
a method us i ng the Bausch ��d Lomb Spectron ic 2 0 .  I f  i t  
i s  impo s s ib l e  or inconvenient to phy s i ca l ly s ep arate two 
pigments , but de s i rab l e  to know the i r  concentr a tions , the se 
concentrations can be determined with rel a tive e a s e  by the 
spectrophotometer . I t  is  necessary to mea s ur e  the absorb­
ance at o n l y  two di fferent wavelengths ( 6 6 3  and 6 4 5  mu ) at 
whi ch absorpt ivity value s  are known . 
Chlorophyl l  extraction c an be used to g ive a n  indica­
tion of re l a t ive amounts of algal bioma s s . Tucke r  ( 19 4 9 )  
used p i gment extraction to analy ze a phytop l ankton popula­
tion .  He found there was good agreement be twee n  the a lgal 
count and the p i gment extraction ( the corre l a tion coe ff i-· 
c i ents we re h i gh l y  s igni ficant ) . Other inve s tigators who 
have u s ed p i gment extrac tion as an indication o f  a lgal bio­
mas s  in aquat i c  environments are : Loren z en ( 1 9 �7 ) , McConne l l  
and S ig le r ( 1 9 59) , Mos s  ( 1 9 6 7a and b ) , Parsons and S tr i ckland 
(1 9 6 3 ) , Richards and Thompson ( 1 9 5 2 )  and Val len tyne ( 1 9 5 5 ) . 
Chlo rophy l l  e xtraction has also been used twi c e  previous ly 
as an i nd i cati on o f  algal bioma s s  in the s o i l . Once by 
Tehan (1 9 5 9 )  a s  an indication of soil ferti l i ty and once 
by Gorham ( 1 9 5 9 )  in woodland so i l s  a s  a direc t ind i c at ion 
of the number of a lgae found in the soi l . 
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MATERIALS AND METHODS 
Site De s c ription 
Cot tonwood Range Station i s  located in northwe s tern 
Jacks on county , which is in the southwe s tern part o f  South 
Dakota . The e a s tern edge of Badlands National Monument 
lie s  about 12 mi les to the south of the s ta tion . The area 
of the s ta tion i s  2 , 6 4 0  acre s . A sununer inten s i ty o f  
graz ing s t udy h a s  been conducted s ince 1 9 4 2  ( Lewi s , 1 9 7 0 ) . 
One of the pas ture s studied has been graz ed s ince the 
beginning of the s tudy in 1 9 4 2  and the o ther s t udy area 
was ungr a z ed . 
The s tation l ie s  in the central por tion o f  the mixed 
gras s  pra i r i e .  In high range condi tion the vegetation i s  
dominate d  b y  mid gras se s ( e spec ial ly Agropyron smi thi i  and 
Stipa virdu l a )  wi th an unders tory of short gra s s e s  
( e spec i a l l y  Bouteoua graci l i s  and Buchloe dactyloide s )  
(Lewi s , 1 9 7 0 ) . 
According to Lewis · ( 1 9 7 0 ) ero s ion has shaped the 
lands c ape into gentle , rol l i ng hil l s , with the h igher h i l l s _ 
being f l a t - topped due to protec tion from ero s ion by capping 
of res i s tan t  s trata of s andier l imes to ne or s and s tone .  The 
soi l  texture i s  predominantly s i lty c l ay , but range s  from 
heavy c l ay to aeo l ian sands . 
The contrast between s ummer and winter temperatures at 
Cottonwood Range S tation i s  extreme . The annual ave rage 
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temperature is  about 8 . 3° C ,  ris ing to above 3 7 . 80 c in the 
summer and dropping to - 2 8 . 9 0  C or lower in the ·winter. The 
average date for l a s t  frost in spring is May 1 9  and for 
firs t f ro s t  in the fal l  is September 2 2 . The average annual 
precipitat ion is 3 8 . 4 3 centimeters with 7 9  perc e nt during 
the growing s e ason ( S puhler, Lytle and Moe , 1 9 6 8 ) . 
Climatic Data 
The hygrothermograph was used to mea s ure temperature s 
continuous ly throught the summer . The average h i gh and 
average low temperature s for the interval b e tween s ampl ing 
dates and the tota l temperature , in re l ative uni t s ,  are 
shown in Appendix Tab le 1 .  Relative tota l temperature was 
determined p l anime trica l ly from the recorded c urve s . The 
hygrothe rmograph was also used to measure humid i ty through­
out the s ummer. The average high and average low humidity 
between s amp l ing dates and the total humid i ty for the week 
prior to s amp l i ng are presented in Appendix T ab le 2 .  The 
average tota l humidity , a l so in relative uni t s , was 
determined by us e o f  the planimeter . Other mea s urements 
which were taken are ; solar radiation , rain fa l l  and soi l 
mois ture .  
So lar rad iation was measured by a recording pyrhe l io-
meter . Me asurement s which were used are an aver�ge of peak 
radiation per day taken over the between s amp l e  inte rva l , 
the percentage o f  shady days on the betwee n  s ample interval 
and the tot a l  r ad iation (measured by the planimeter ) for 
the week pr ior to s ampl ing (Appendix Tab l e  3 ) . 
Rainfal l  was determined by taking the prec i p i tation 
recorded in 1 2  raingauges located on the station and 
averaging the i r  readings . However , not a l l  of the r ain-
gauge s were functioning properly between col l e ct ion date s . 
The number o f  r aingauges working varied greatly wi th the 
sampling date . The reading s obtained , totaled over a 
between s ampl ing interval and a one week prior t o  s ampl ing 
interval ,  are pre sented in Appendi x  Table 4 .  The numbers 
in parenthe s is are the number of raingauge s aver aged to 
obtain the val ue . 
Soi l  mo i s ture was measured by the neutron probe . The 
neutron probe c a l ibration is based on the per c entage o f  
soi l moi s ture . Han son ( 1 9 7 3 )  suppl ied the fol l owing 
equation for percent soil water . 
Y = ( - 3 . 7 5 4  + . 0 0 4 9 7 7  x )  
where: y = Percent soil moi sture based on dry 
soi l  
x = minute counts-( neutron probe read ing ) 
The val ue s  for percent soil moi sture obtained b y  u s e  o f  the 
neutron probe and the above equation are s hown in Appendix 
Table 5 .  
The readings for total temperature , humid i ty and s6lar 
rad iation were a l l  averaged for a pe riod of one week prior 
to the col l ect ion date . The neutron probe rea di ng u sed was 
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the readi �g whi ch corre sponded mos t  c lo s e ly t o  the s amp l ing 
date · ( rie .ve r  over 10 days ·from the s·ampling d a te ) • 
The .facto r s  d i s cussed above ( rainfa l l , temperature , 
soi l moi s .ture and s olar radiation) were con s i de red import­
ant because they could de termine .the dis tribution o f  the 
algae in the s oi l . 
Field A l ga l  Col lection 
S o i l s amp l e s  we re taken at approximately two-week 
interval s  dur ing·  the summer of 1 9 7 5 ,  b�ginning · on May 2 4  
and continui �g until Augus t 9 .  After the surface v�geta­
tion had been removed , a soil core , 8 centime t e r s  in dia­
meter , was take n . · The core was then placed i n  a petri dish 
or in a plastic bag for future re ference . The s e  s o i l  
sample s were taken sys tematical ly throughout the two s tudy 
s ite s  ( the gra zed and ungraz ed pa s ture s )  . Twenty cores 
were t aken on e ach s ample d ate from each pas ture . On 
alternate c o l lec tion date s quadrats were c l ipped f rom the 
area s urrounding the core s ample . The quadra t s  were . 1  
square mete r and the material c lipped was divided into 
s tanding l ive , s tanding dead , mulch and forbs (whi ch in­
c luded the cactu s ) .  Thes e  c l ippings were p la c e d  in uni form 
paper b�gs and then oven dried at 1 0 5 0 C for three days , at 
which time they were we ighed . 
I n  the l aboratory one- fourth of e ach core s amp le was 
placed in a via l  with so mls of s ixty- s i x  per c e nt e thano l . 
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The f re s h  s ampl e s  were obs e rved unde r the micros cope for 
spe c i e s  identif i c ation .  The· pre ser·ved s amp l e s  were used 
for maki �g a l ga l  counts . The counti�g procedure used was 
as fol lows : · 1)  The s ample was shaken unt i l  the soil was 
e venly .suspended in the ethanol . 2 )  Us ing a micropippette 
one drop ( one- tenth ml) of the s olution was p l aced on a 
s lide and two drops ( one- fi fth ml) o f  di sti l led water were 
added . An 18 x 18 mm covers l ip was then s e t  in p l ace . 3 )  
Three s l ide s were made i n  thi s  fashion f or each s ample and 
two tran s e c t s  were counted on each ·s l ide , res u lt i ng in s ix 
transects for each sample being counted o r  1 2 0 for each 
pasture f or each date . Al gae were counted by spe c i e s  where 
pos s ib l e , otherwi s e  they were identi fied by . genus . S ources 
used for ident i f i cation were : Bold ( 1 9 7 0) , F r i t s ch and 
John ( 1 9 4 2 ) , Lund ( 1 9 4 5- 4 6 , 4 7) , Pa lmer ( 1 9 5 9 ) , Roach ( 1 9 2 7) , 
Smi th ( 1 9 5 0) , T i f fany and Britton ( 1 9 7 1) and Webe r  ( 1 9 7 1 ) . 
The data were analyzed by correlation and the additive 
mul t ip l e  regre s s ion mode l .  The additive mult i p l e  r �gre s s ion 
mode l  is a means of predicti�g dependent var i ab l e s  ( number 
of a l gae) b y  independent variables ( environmenta l var ia tions ) .  
In  thi s c a s e  the independent variables used were : s o l ar 
radiation ,  humidity , temperature , rainfal l , · s tanding l ive , 
s tandi �g dead , mul ch and f orbs . Corre lat ion s he lped to 
eva luate. change s in the compos ition of the a l ga l 
popul ation during the summer . Change s inc luded s uch 
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factors a s  di f ferences between the di str ibution o f , numbers 
of and k inds o f  a l gae in th� gra zed and ungr � z e d  pas ture .  
Thes e  me thods were a means of evaluating the change i n  
specie s .compos i tion and numbers wi th the gra z ing leve l , 
water avai l ab i l ity , amount of sunl ight , tempe rature and 
t ime o f  ye ar . 
Greenhouse S tudie s 
I n  the . greenhous e study three soi l  type s were used; 
loam , c l ay and ·s and. S even hundred and twenty , 4 - inch 
pots were s ter i l i zed at 1 2 1° C for four hour s .  Previous ly , 
steri l i zed s o i l  had been inoculated with al gae from 
Cottonwood Range S tation in order to grow algae in suf f i ­
cient numbers to u s e  as inoculum in this exper iment . The 
algae grown for inoculum we re mixed wi th thirty l i ters 
of di s ti l le d  water to form a suspens ion and forty mls o f  
thi s  suspens ion were then poured on each o f  t h e  7 2 0  pot s .  
Each pot was covered with a petri di sh. The pots were 
inoculated o n  December 2 9 and on December 3 0  h a l f  o f  each 
set of pots ( s and , clay , loam) were cove re d  with a doub le 
thicknes s o f  cheesecloth to provide a shaded cond i tion . 
Three water leve l s  were e s tablished at . 2  bar s , 1 bar 
and 6 bars.  These water leve l s  were monitored da i ly by a 
mode l  KS - 1  S o i l  Mo is ture Tester. This tester con s i s ts 
of two parts ;  the gypsum soil blocks ( s ensor s ) and the 
measur ing ins trument. The gyps um acts as a buf fer aga inst 
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the effect that s a l t s  might have on the e l e c tr i c a l  conduct­
ivit y  and the concentric electrode s conf ine the f low of 
current to the interior of the block , e l iminating the 
e ffect s  of soi l  conductivity . The gyp sum b locks ab sorb 
and r e l e a s e  moi sture unti l  they are at equ i l ibrium wi th the 
soi l . The read ing on the �eter , reflect ing r e l a t ive 
c onduct ivi ty , is then an indication of the moi s ture ava i l ­
able t o  the p lants ( Delmhorst Ins trument Co. , no date ) . 
A meter read ing of 9 . 8  ( . 2  bars ) indicated the s o i l  was at 
f ie ld capac i ty which is when the maximum amount of water 
i s  ava i lable to the plants . This leve l was e s tabl i shed 
almost immediately in the .2 bar water leve l .  A meter 
reading o f  5 . 2  (1 bar ) indicates that thirty-e i ght percent 
of the water available to the plants has been u s ed .  Thi s  
water l eve l wa s establi shed b y  two days after the s tart o f  
the experiment . The third water leve l 6 bars ( a  meter 
reading o f  1 . 5 ) is the permanent wi lting point. The 
permanent wi l t�ng point is defined as the point when a l l  the 
water ava i labl e  to the plants has been used. Thi s  wat er 
level took longer to establ ish than the other water leve ls 
because the pot s  had to dry from the water whi ch was added 
when the pot s  were inoculated. It took a week to 1 0  days 
to le t all the soil type s reach thi s leve l .  T h e  so i l s  were 
maintained at their re spective water leve l s  by adding a 
constant amount of water each day. Usua l l y  the amounts of  
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t water added were , f ive mi l l i l iters to the . 2  bar leve l , 
two mi l l i l i ters to the 1 bar leve l and 1 mi l l i l i te r  to the 
6 bar leve l ; however , the se amounts varied according to the 
reading on the soi l mo i s ture te s ter . 
To res tate the exper iment al set-up , there were two 
light leve l s , three so i l  type s and three water l eve l s  with 
the 7 2 0  pot s  evenly divided be tween the trea tments ( see 
Appendix Tab l e  6 ) . 
Every week 1 5  core samples , one centime te r  in depth 
and diame te r , were taken from 15 of the pots in each 
treatment , thi s  is  a total of · 2 7 0  samples per week. Samples 
from one l ight trea tment were taken on Friday and from the 
other l �ght tre a tment on S aturday . If the shade s amples 
were taken on one Fr iday an the sun samp l e s  were taken on 
Saturday , then the next week the order was reve r s ed. As 
the s amp l e s  were taken they were placed in vial s  which 
contained 10 mi l li li ters of nine ty percent a c e tone. The 
samples wer e  then placed in a dark cabine t to s e t  over 
night ( 1 8 hour s ) to extract the ch lorophyl l  ( Ro s s , 1 9 7 4 ; 
Parsons and S trick land , 1 963 ; Richards and Thomp s on , 1 9 5 2 ; 
and Gorden ,  1 9 7 2 ) . Th is method was fol lowed cons i s tent l y  
except during the first. week when ethanol was u sed. The 
absorpt ion val ue s  in ethanol were correc ted to correspond · 
to the ab sorption values in acetone by us ing the absorption 
coeffic ients of Seely and Jensen ( 1 965 ) . 
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After centr i fuging { Parsons and Str i ck l and, 1 9 6 3  and 
Richards and Thompson , 1 9 5 2 )  at 2 , 5 0 0  re vo lutions pe r minute 
for 1 0  minute s ,  absorption readings were taken a t  the 
fo l�owing wave length s : 4 3 0 , 6 3 0, 6 4 5 , 6 6 5 , and 7 5 0  mµ. 
Thes e  readings make pos s ib l e  the calculation o f  ch lorophyl ls 
a and b b y  both Ro ss's { 1 9 7 4 ) and Parsons and S trickland's 
( 1 9 6 3 ) equations . 
Parsons and S tr ickland ( 1 9 6 3 )  used the s ame method o f  
extrac ting ch loro phyl l  a s  d'd Richards and Thomp so n  { 1 9 5 2 ) ;  
but they rede termined the spe cific absorption c o e f f i c ient 
of chlorophyl l s  a,  b and c .  They a l s o  e s timated the e f fect 
of turb i d i ty on the s pe c  hot metric e s timation o f  the 
chlorophy l l s  by the addition of one , two and thre e  mi l l i pore 
filters to 1 0  ml s o f  nine ty percent acetone . S ub traction 
of the reading at 7 5 0  IllJ.l from the readings at 6 6 5 ,  6 4 5  and 
6 3 0  mu re s u l t s  in correc tion for turbidi ty. Subtracting 
the 7 5 0  mu corre c t ion from the optical dens i t i e s  may 
e l iminate turbidity error� of up to fifty percent when 
us ing ce l ls o f  10 cm l i ght path and low o ptic a l  den s i ty 
value s . 
Due to a time cons ideration dur ing the f i r s t  weeks 
only the read ings needed for Ross's formula we re taken 
{ 4 3 0 , 6 4 5 , 6 6 5  and 7 5 0  mu) . Ros s 's ( 1 9 7 4 )  me thod was 
used for the c a l culation of chlorophylls a and b ,  except 
for two change s . Fi rs t the absorption coe ffic ients wer
e 
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recalculated for ninety percent acetone , us ing the 
absorption indexe s obtained by Seely and Jens en ( 1 9 6 5 ) . The 
second al teration in Ros s ' s  method was to s ubtract t he 
reading taken at .7 5 0  mu from the readings a t  6 6 3  and 6 4 5  
mu to correct for turbidity . 
During the last five weeks a l l  the wave l ength s  ( 4 3 0 ,  
6 3 0 , 6 4 5 ,  6 6 5  and 7 5 0  mu ) were read . The values obtained 
for chlorophyl l a and b us ing the me thods of Par s ons and 
Strickland ( 1 9 6 3 )  and Ros s  ( 1 9 7 4 )  were almo s t  identi c a l , 
therefore , for cons i s tency throughout the i nve s t igation 
the values obta ined by use o f  Ros s ' s  formul a s  were used 
as the chlorophy l l  a and b values . Parsons and S tr i ck l and's 
formula was used for the de termination of chlorophy l l  c. 
The formul a s  as used are : 
ca = ( . 0 1 1 5 4  A6 6 3  - . 0 0 1 3 4  A6 4 5 ) 1 0 0 0  ml/l 
Cb = ( . 0 1 9 0 6  A6 4 5  - . 0 0 4 6 6  A6 6 3 ) 1 0 0 0  ml /l 
cc = 5 5  A6 3 0 - 1 6 . 3  A6 4 5  -
4 . 6 4 A6 6 5  
where: 
c - concentration o f  chlorophyl l  a in mg/l a 
Cb - concentration o f  chlorophy ll b in mg /l 
c - concentration of ch lorophy l l  c in mg/l c 
A - opti c a l  density in one cm path length 
ce l l  at the wave length shown. ( absorpt ion ) 
The values obtained for ch lorophyl l s  a ,  b and c we re
· 
analy zed us ing vari ance in order to evaluate changes in 
chlorophy l l leve l s  and in the total biomass of the a l
gae 
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under the d i f ferent treatments and on differe n t  date s .  
· --
RESULTS AND DI SCUS S I ON 
Species· I de nti f i ca t ion 
The phy l a  Chlorophyta , Chrysophyta and Myxophyta were 
repre s e nted in bot� the gra zed and the ungra z e d  pas ture s . 
The seven mos t  impor tant algae , compr is ing f rom 8 1  to 
9 4. 5 %  of the a lgae in the ungra zed pas ture a nd from 7 8  to 
8 9 %  of the a l gae in the gra z ed pas ture , were : Ch l·orococcum 
hurni c·o 1 a  ( ( Naege l i ) Rabenhors t ) , Hantz s c h i a  a·mphioxys 
30 
( ( Ehrenbe rg ) G
.
runow ) , Phormidium sp . ( Kue t z ing ) , Pinnularia 
sp . ( Ehrenberg ) , Protococcus vir idis (Agardh ) , Staurone i s  
sp . ( Eh renberg ) ,  and Os c i llator ia sp . (Vauche r )  ( Ti f fany 
and Br i t ton , 1 9 7 1 ) . In a study compar ing the a lga-1 
populations of a plowed and unplowed prai r i e  i n  Okl ahoma , 
Wi llson and Fore s t  ( 1 9 5 7 )  found three of the s ame dominant 
algae '( C .  humi c·o1a , Phormid i um and H .  amph ioxys ) . 
Ch lorococcum and Protococcus 1 are both uni ce l lul ar 
. green a l gae ( Ch lorophyta ) .  Ch lorococcum may be found s ingu­
lari ly or in groups and , as wi l l  be shown , responds di ffer­
ently from· the o ther algae . Chlorococ cum was the dominant 
�lga in th i s  inve s tigat ion ; i t  was also found to be the dom­
inant soi l a l ga in a number of other inve s t ig a tions (Durre l l , 
1Herea fte r in the text spec ies name wi l l  be omitted and 
onl y  gene r i c  name s used . 
19 6 2 ; John , 1 9 4 2 ;  Lund , 1 9 4 7 ;  Martin , 1 9 3 9  and S h i e lds and 
Durre l l , 1 9 6 4 ) . Protococcus is found either s ingularly 
or in groups o f  two , three or four c e l l s . 
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. 
The ye l low- green a lgae o r  Chry sopyta wer e  repres en ted 
by the d i a toms , Pinnularia , Hant z s chia and S taurone i s . 
Pinnularia and Hant z schia were important in both the _ gra zed 
and the u�gra ze d  pa s ture . S taurone i s  was o f  much _ greater 
importance in the ungra zed pas ture than in the gra z ed . 
Since a l l  three .o f  the s e  diatoms h�ve raphe s , a l l  are 
capable o f  independent movement in the soi l . 
The two mo s t  important genera of the Myxophyt a  ( b lue­
green a lgae ) wera Phormidium and Os c i l latoria ; both are 
filamentous a l gae.  A l i s t  of the species encoun tered , 
identif ied by phylum , i s  given i n  Appendix Tab l e  7 .  
Chlorophyta 
A tota l of 2 7  species of Chlorophyta were found in the 
ungra z e d  pas t  re and 1 5  species of Ch lorophyt a  were found 
in the gra z ed pas ture ( Appendix Table 7 )  • 
The Ch lorophyta found in the ungraz ed pas ture rema ined 
at a f a ir ly cons tant leve l a l l  summer except for one drop 
which o ccurred on June 7 ( F igure 1 ) . In the gra z ed pas ture 
the numbers decreased during the summer , from a h igh on 
May 2 4  to lows on July 7 and August 9 ( Figure 2 )  • Th i s  
could be expl a ined by the exi s tence o f  a n  increas ingly
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algae would be e xpos e d  to greater stress (more extreme 
variations in temperature and humidity ) in the gra z e d  
pasture a n d  would be expected to decrease in numbers a s  
the s umme r progre s s ed . 
I n  both the ungrazed and the gra z ed pas tur e s  the 
dominant green alga , Ch lorococcum , was pres ent at i t s  
. highes t  
.
leve l s  in early summer. I n  the ungr a z ed pas ture 
Chlorococcum initia l ly decrea sed in numbers and then 
leve led o f f  on June 2 4  for the res t  of the s ummer.  I n  the 
gra z ed pas ture the numbers of Chlorococcum pre sent de­
creased s teadi l y  all surruner. Protococcus , the s econd mos t  
important green alga , increased in numbers unti l  June 2 7 . 
Protococcus made up a larger percentage o f  the total a lgae 
in the ungra z ed pas ture than it did in the gra z ed pas ture. 
The Chl orophyta were the dominant algal group in both 
the gra zed and the ungra z ed pasture s . Jackson a nd Raw 
( 19 6 6 )  a l so found Chlorophyta to be the dominant philum . 
Hutcheson and O l s on ( 1 9 67 )  found a greater numbe r  o f  green 
algae i n  a graz ed pas ture than in an ungr a z ed p a s ture . · 
Although i n  the pres ent inve s tigation there was not a 
greater number o f  green algae in the gra z ed pas ture than 
in the ungra zed pas ture, the green algae were found to 
make up a l arge r  percentage of the total a lgae in the 
gra zed pa s ture . 
33 
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Chrysophyta 
Thirteen s pecies of Chrysophyta ( 11 of them diatoms ) 
were found in the ungraz ed pasture and s ix spe c ie s  ( f ive of 
them diatoms ) were found in the grazed pas ture (Append ix 
Tab l e  7 )  . I n  both the gra zed and the ungra zed pa s ture s the 
Chrysophyta peaked in numbers in mid to l ate July (Figures 
3 and 4 ) .  The number of Chrysophyta found var i ed greatly 
between the two pas tures . The ungrazed pasture had twice 
as many Chrys ophyta pre sent on July 2 8  a s  the gra z ed 
pastur e . On July 1 7  the Chrysophyta pres ent i n  the un­
graz ed was s ix t ime s the number in the gra z ed pas tur e . 
Pinnulari a  dominated the ye llow-green algae in both pas­
tures ;  howeve r , it was present in greater numbers and made 
up a larger percentage of the total algae in the ungra z ed 
pasture . Hant z s chia made up a larger percentage of the 
total Chrys ophyta in the gra zed pasture than in th� ungra zed 
pasture .  S taurone i s  was important in the ungra zed pas ture 
( at t imes one of the five dominant algae ) ; howeve r , it was 
almo s t  comp l e t ely absent in the g�a zed pas tur e . 
Uncertainty exists as to the factors inf l uenc ing the 
dis tr ibut ion of so i l  diatoms . John ( 1 9 4 2 )  stated that 
diatoms are characteri stic of alkal ine soi l  anC. that he 
found Hant z s ch ia pr imarily in "wet " weathe r .  S o i l texture 
(a compact sur face ) is l isted as the main factor l imiting 
diato� growth by Shie lds and Durre l l  ( 1 9 6 4 ) . - I n  a s tudy 
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conducted in e a s te rn South Dakota , Hutche son and Ol son { 1 9 6 7 )  
found l it t l e  d i f fe rence between a grazed and ungr a z ed pas ture 
in number s of d iatoms . In the pre sent inve s ti gat ion there 
was con s id e rab l e  d i f ference between the numbers of d iatoms 
in the gra z ed and ungra zed pastures . At one t ime { July 2 7 }  
the ungra z ed pas ture had f ive times the numb e r  o f  diatoms 
pre sent as the gra z ed pas ture . Diatoms could be l e s s  
prevalent in the gra zed pas ture because o f  a n  unfavorab le 
micro c l imate .  Because of the decr�ased vege tat ive cover 
in the gra z ed pas ture , temperature and humid i ty f l uctua-
tion s would probably occur more rapidly and be mor e  extreme 
than in the ungr a z ed pas ture o 
Myxophyta 
The Myxophyta or blue-green algae were pre s en t  in 
approximate ly the s ame number in both the gra zed and the 
ungra z ed pas tur e s  {F igures 5 and 6 ) . S ince the total 
number o f  a l gae was less in the gra zed pas ture , the b lue-. -
g�eens woul d  b e  o
.
f re latively mo�e importance ther e . The 
nUmbers o f  b l ue - green alga� remained relative ly constant 
throughout the s ummer , wi th a high of 9 6 0  per s ampl e  date 
in the ungr a z e d  pa s ture and a h igh of 7 3 0  per s ampl e  date 
in the gra z ed pas ture to lows o f  4 7 2  per s amp l e  date in the 
ungra zed pas ture and 4 5 6 per sample date in the gra zed 
pasture .  I n  the ungra zed pas ture the Myxophy ta occurred
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l e s s  frequently than the Chlorophyta and the Chrysophyta . 
In the . ·gra z ed pas ture , alth6ugh the green a lgae wer e  s t i l l  
dominant , the b l ue- greens and the ye l low-greens were of 
about e qual importance . This seems to be in agreement 
with e ar lier findings on blue-green algae . Boo th ( 1 9 4 1 )  
states that even though b lue-greens are unive r s al ly pre­
sent they are o f  l i ttle importance . Blue-greens were found 
to be of s econdary importance in the soil a lgal population 
by Fogg , S tewart , Fay and Walsby ( 1 9 7 3 )  and Jackson and 
Raw ( 1 9 6 6 ) . Blue- green algae vary greatly from hab i tat 
to hab i tat and di splay a marked seasona l variation in flora 
(Fogg , S tewart , Fay and Wal sby , 1 9 7 3 ) . ·In  thi s  inve s t i­
gation no large var iation in numbers or spe c i e s  compos i tion 
of the Myxophyta was ob served . The fact that the b lue­
green a l gae pos s e s s  a gel tino s sheath (which he lps 
protect them from des i ccation) could also help exp l a in why 
they c an do equal ly we ll in both pas ture s .  
Myxophy ta were found to be more abundant in cu l tivated 
than uncul tivated so i l s  by Fogg , S tewart , F ay and Wa l sby -
( 1 9 7 3 )  . Hutche son and Ol son ( 1 9 6 7 )  found tha t  blue - green . 
algae were pres ent in greater numbers in a gra z ed pa s ture . 
Although greate r  numbers o f  blue-green algae were not found 
in the gra z ed pas ture in th is study , it was found that 
Myxophyta c omposed a larger pe rcentage of the tota l algae 
in the gra zed pas ture . In eastern south Dakota , Myxophyt
a 
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were found to be the most abundant group o f  a lgae 
( Hutches on and Ol son , 1 9 6 7 ) . In this inve s ti gat ion the 
Chlorophyta were found to be the dominant group in wes tern 
South Dakota , with the Myxophyta being o f  l e s s e r  importance .  
The d i fferences observed in the dominant phy l a  o f  a lgae 
between e a s tern and western South Dakota could be due to 
the d i f ferences in water availabi l i ty . There is a five 
inch decrease in the rain£il l  from the s i te in e a s tern 
South Dakota to the s i te in western South Dakota ( Spuh ler � 
Lyt l e  and Moe , 1 9 6 8  and 1 9 7 1 ) . The variation i n  compos i­
tion o f  the a l gal population could also be i n f luenced by 
di fference s in temperature extremes and relat ive humi d i ty , 
both being more extreme at the s ite in wes tern South 
Dakota . 
Genera l Obs e rvat ions 
Wi l l son and Forest ( 1 9 5 7 ) found the same gene ral a lgal 
compos i tion in both the grazed and ungra z ed pas tures they 
i�ve s t i gated ( their results were qua l i tative rather than . 
quantitative ) . Thi s  is  a l so true . in the pre s ent s tudy ; 
i . e . ,  the s ame algal species were present in both of the 
pas tures b ut the numbers var ied between the pas tures . The 
numbe r of a l gae in the ungra zed pasture was more than twice 
that in the gra z ed pas ture .  Ch lorococcum ,  Han t z s chia , 
Pinnul ar i a  and Protococcus were the four mos t  dominant 
algae in both pas tures . Pinnularia was more abundan
t in 
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the u�gr a z ed pas ture and Chlorococcum made up a l arger 
percent�ge of the total algae in the gra z ed pas ture ( F i gure s 
5 and 6 ) . Durre l l  ( 1 9 6 2 ) , Lund ( 1 9 4 7 ) , Martin ( 1 9 3 9 ) and 
Shi e lds and Durre l l  ( 1 9 6 4 )  a l l  found Ch lorococ cum to be the 
dominant soi l a l gae . Lund ( 1 9 4 7 )  found the Myxophyta ranked 
second in importance , wh i l e  Mar tin ( 1 9 3 9 ) and S h i e l d  and 
Durre l l  ( 1 9 6 4 )  found the diatoms and Myxophyta to be very 
common . I n  th i s  s tudy Ch lorococ cum was the dominant a l gae 
in both pas ture s. , it compr i sed fro� 2 8 %  to 5 0 %  o f  the tota l 
algae in the ungra z ed pasture and from 4 4 % to 7 5 %  o f  the 
tota l  a l gae in the . gra zed pas ture . The diatoms and the 
Myxophyta shared thi s  leve l of  s econdary importance in 
the gra zed pas ture . 
Chlorophyta and Chrys ophy ta were of approx imate ly 
equal importance in the ungrazed pasture , but the former 
were by far the mos t  abundant a lga l  phy lum pres ent in the 
gra zed pas ture .  The Myxophyta {blue-green a lgae ) made up 
a larger percentage of the total a l gae in the gra z e d  
pas ture than in the ungrazed pas ture . I n  the gra z ed 
pasture Myxophyta and Ch ry sophy ta were pres ent in about 
the same numbers . 
Se a s onal variation in the kinds of a lgae pre sent in 
the so i l  has been noted by John { 1 9 4 2 ) , Roach ( 1 9 2 7 ) , Smi
th 
and Brock ( 1 9 7 3 a )  and We st and Fri t s ch ( 1 9 2 7 )  • For
e s t ,  
Mi ller and Ra i zen ( 1 9 6 3 ) , S toke s ( 1 9 4 0 )  and Wi l ls on and 
Fore s t  ( 1 9 5 7 ) , in contrast found l i ttle or no s easonal 
change in a�gal composi tion . Al though the re s ul t s  o f  
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this inve s t i gat ion are not conclusive , there was variation 
in the numbe rs of algae pre sent during the summe r ; however , 
the s ame _ genera were dominan t a l l  summe r .  
Corre lation Coe f f i cients 
Corre lation coe ffi cients were used to me a s ure corre-
lations between algal numbers and envi ronmental factors , 
and interre l ations between the a lgal spe c ie s . Corre lations 
were inve s t igated be tween the fo llowing factor s : min imum , 
maximum and total humidity ; min imum , maximum and total 
temperature ; rainfall , solar radiation and so i l  mo i s ture , 
and the var ious species o f  a l gae � Corre lat ion coe f f i c i ents 
greater than 0 . 2 0 are shown in Tab le 1 .  The environmental 
factor s  p layed a more important role in determining the 
algal d i str ibution in the grazed pas ture than in the un­
gra zed pasture . The dominant environmental fac tor appeared 
to be maximum temperature which had a corre l a t ion co­
ef ficient l arger than 0 . 2 2 with all of the a l g a l  genera , 
except Ch lo rococcum ,  in the gra zed pas ture . Chlorococcum 
had a negative corre la tion coefficient ( r  = - . 2 4 )  wi th 
maximum tempe rature in the gra zed pas ture . Ch lorococcum · 
was more greatly af fected by the environmenta l fac to
rs in 
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Table 1 .  Corre lation of algal groups with e nv i ro nmental 
facto r s  and with each other in the gra zed and ungra z ed 
pasture s ,  Cottonwood , S .  Dak . , summer 19 7 5 . ( On ly 
corre lations greater than 0 . 2 are s hown ) . 
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x • 3 3  . 8 9 x H .  amphioxys 
x . 2 9 . 5 8 . 5 1 x F i l amen tous 
B l ue- green 
a lgae 
x . 4 1 x x x x F i lamentous 
Green a lgae 
. 4 8 . 4 9 . 7 7 . 7 4 . 5 1 x x Total a l gae 
. 21 x - . 3 0 - . 2 7 - . 2 1 x x Minimum. Humidity 
x - . 2 8 x x x x x Max imum Humid ity 
x x x x x x x Percentage Shady Days . - . 2 4  . 3 4 . 2 5 . 2 2 . 3 7 . 3 2 x Maximum Tempera ture 
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both pas tur e s  than were .the other a�gae . The other a lgae , 
the diatoms , Protococcus , and the f i lame nto us green and 
blue-green a lgae a l l  responded more s trongly to the envir� 
onmental factors in the gra zed pasture than they d id in the 
ungrazed pas ture . On the other hand , Chlorococcurn wa s 
more h i gh ly corre lated wi th environmental factor s in the 
ungra zed pas ture and also had a correlation coe f f i c ient of . 
an oppo s ite s i gn than that of the o ther a � gae groups . Th i s  
result would i ndicate e i ther oppo s i te respon s e s  t o  the 
environment by Chlorococc·um and the other al g a l _ groups , or 
to a compe t i t ion be tween the ·two groups which wou l d  re sul t 
in one spe c i e s  ( Chlorococcu�) increas ing in n umbers whi le 
the o
.
the r spe c i e s  decreased .in nuro.bers and vi c e  ver sa . 
Minimum humid ity was po s itive ly correl ated ( r  = . 2 1 ) 
wi th Chlorococcum in the gra z _d pas ture , whi l e  Protococcus ,  
the diatoms , and the f i l amentous blue-green a l gae were a l l  
negative ly corre lated with humidi ty .  Al l of the a l gae , e x­
cept Protococcus , and the f i lamentous green a lgae , were 
pos itive ly corre lated with min imum humid i ty in the ungra z ed 
pas ture ( Tabl e  1 ) . This response could indi cate that in 
the ungra z ed pas ture soi l algae tend to increa s e  with the 
availabi l i ty o f  atmospher i c  water and that Ch lorococc um 
still re.spends pos itive ly to minimum humidi ty even in the 
gra zed pas ture .  The other algae ( e xcept for the f i l ament­
ous green a l gae )  have a negative corre lation wi th mini
mum 
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humidi ty in the gra zed pas ture . Thi s  could b e  indicative 
of a compet it ion between Ch lorococcum and the o ther a lgae 
for atmo spheric moi s ture . 
Al l of the algae in the ungra zed pas ture , except the 
f i l amentous green algae , were positive ly corr e l a ted 
(r = . 2 4  to . 4 3 )  with rainfal l .  Thi s i s  the same response 
the a l gae had to minimum humidity . In the grazed pa s ture 
Chlorococcum and the f i lamentous green a lgae had no 
corre l ation larger than 0 . 2  wi th rainfal l ,  whi l e  the other 
algae wer e  negative ly correlated with rainfal l .  Th i s  
r espons e i s  again s imilar t o  the respons e t o  minimum 
humi d i ty . 
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Came ron ( 1 9 6 4 ) and Durre ll ( 1 9 6 2 )  found no corre lation 
between the d i s tr ibution of soil algae and the vas cu l ar 
plants . Fairchild and Wi l l son ( 19 6 7 )  s tated that there was 
a varia tion of algae with the macrovege tation . In the 
gras s l and ecosy stem under cons ideration the s o i l  a lgae were 
found to be correlated wi th the gras s cover i n  the maj or i ty 
of c a se s . Chlorococcum was negative ly corre l ated with the 
amount of grass cover in both pas ture s ;  P innu lar i a , 
Hant z s chia and the f i lamentous blue-green al gae were 
pos i tive ly correlated with the grass cover in both pas tures .  
The green f i lamentous algae we re pos i tive ly corre l ated wi th 
the gras s cover only in the· gra zed pasture .  Gra s s  cover 
could be infl uencing the amount of l ight which reache s the 
ground . I f  thi s  is the case , it would seem to ind icate 
that Chlorococcum reache s higher numbers at h i gher l i ght 
leve l s  o r , conve r s e ly , that the diatoms P innu l a r i a  and 
Hant z s ch i a  and the green and blue- green f i l amentous a l gae 
were mor e  abundant .under a · reduced light intens i ty , at 
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least i n  the gra zed pas ture . The algae , except Chlorococcum 
and Protoco ccus , could be responding to the gra s s  cover 
dire ctly or indirectly to change s in l i ght intens i ty , 
mois ture avai l ab i l i ty , or the surface s tructure o f  the 
soi l , whi ch could vary due to the macrovege tat i on . 
The neutron probe reading , indicative o f  s o i l  water , 
was pos i t ive ly corre l ated with Chlorococcum i n  both pas ­
ture s ,  wa s pos itive ly corre lated with the b l ue - green 
filamentous a l gae in the ungrazed pasture and was negative­
ly corre l ated wi th Hant zschia , Pinnularia ,  and the 
filamentous b l ue-green algae in the gra zed pa s ture . Soi l  
moisture c l o sel y  para lleled the results for minimum 
h\1midity and rainfa l l  and could be interpreted in the s ame 
manner ,  s ince Chlorococcum aga in showed an oppos ite re­
spons e to Han t z sch ia , Pinnularia and the f i lamentous blue­
greens in the gra z ed pas ture . In the gra z ed pas ture , 
perhaps _ be cause of i ts harsher · microenvironment , the algal 
group s seemed to show greater var iation in the ir responses . 
In a l l  o f  the above instances ( rainf a ll ,  temperature , 
humidi ty , s o il moi s ture and gras s cover ) , Chl orococcum in 
the gra zed p a st ur e  had an oppos i te corre l ation with the 
fac tors than did the other algal groups . Thi s  could in­
dicate , a s  men t i oned previous ly , e ither an oppos i te re­
spons e  to the environment or a competition b e twee n  
Chloroc o
.
ccum and the other a lgae . 
Chlorococ cum was uncorrelated with any o f  the other 
spe c i e s  of a l gae_ in the gra zed pas�ure ; howeve r , i t  was 
posi ti ve ly corre l ated (r = . 2 9 )  with the f i l amen tous blue­
greens i n  the ungra z ed pas ture . P i nnular i a , P rotococcus 
and Hant z s ch i a  were pos i tively correlated i n  both p a s tures 
( r ' s  f rom . 3 3 to . 8 8 ) . P i nnularia and Hant z s ch i a  were 
almo s t  always found toge ther (r � . 8 8 and . 8 9 )  and wer e  
strongly corre l a ted = . 7 4 t o  . 9 0 )  wi th t h e  total a l ga l  
numbe r  i n  both p a s tures , as  was Protococcus , p articularly 
in the ungr a z ed pasture . Again thi s  re s u l t  woul d  i ndicate 
either competi t i on or opposite reactions to environmenta l  
variabl es i n  t h e  d i f ferent algal groups ( Chlorococcum and 
the other a l gae ) . 
In genera l  the environmenta l factors und e r  consi der-
ation had a mor e  important role in determining the com­
pos it ion o f  the a l ga l  population in the g r a z e d  pasture . 
Thi s could be because the ungrazed pastur e  had a greater 
amount of mac rovegetation , which co_
uld he lp temper the 
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microenvironment . 
Multiple Regre s s ion 
Addi t ive s tepwi s e  multiple regres s ion was u s ed to 
determine if the occurrence of algae in the s o i l  wa s pre­
dictab l e  from the aforementioned environmenta l f actors . 
4 9  
The dependent variables were numbers o f  f i lamentous b lue ­
green al gae , Chlorococcum ,  Hant z s chia , P i nnular ia , Protoco­
ccus and the to ta l a l gae pres ent in a samp l e . The independ­
ent var iab l e s  were : minimum humidity , maximum t emperature , 
grass cover , mulch and s tanding dead . Minimum humid i ty 
had previous ly been shown by corre lat ion coe f f i c i ents to be 
indicat ive o f  the e f fect of solar radiation ( r  = - . 9 9 )  and 
humidity over a per iod of one week prior to co l lection 
( r  = . 8 9 ) . Maximum temperature ref lected the e ff e c t  of 
soil mo i s ture ( r  = - . 8 6 ) , rain one week previous to col lec­
tion (r = - . 8 2 ) , and temperature averaged over a one week 
prior to co l le ct ion C r . = . 9 7 ) . An F tes t  was used to 
determine s ignif ica�ce at the . 0 5 leve l . The i ndependent 
variabl e. found to have the mo s t  influence on the dependent 
variab l e  { the highe s t  mul t i ple corre lation coe f f icient )  was 
entered f ir s t  in the multiple regre s s ion equation . 
Mu lt i ple regre s s ions were run twice , once with two ­
steps (humidity and temperature ) ,  and once with five s teps 
( humidity , temperature , _grass cover , standing dead and 
mulch ) . The· re s u l ts of the two step mul tiple regre s s ion 
analyse s are shown in Tables 2 and 3 .  Only thos e  s teps 
which wer e  s igni fi cant at the . O S l eve l° are inc l uded in 
the tab l e s . The results o f  the five s tep mul t i p l e  re­
gres s ion ana lys e s  are shown in Tables 4 and 5 .  Again , 
only tho s e  s teps which are s �gnif icant at the . 0 5 leve l 
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are shown in the table and the independent var i ab l e s  are 
li sted i n  the o rder in which they were introduced into the 
multiple regre s s ion equation i . e . , ( in o rder of importance ) .  
The two s tep multiple regre ss ion ana lys i s  ind i cated 
that temperature ( h ighly corre lated with soi l mo i s ture and 
rainfa l l ) played the pr imary role in determining the 
di stribution of the a lga l genera in the gra z ed pas ture 
(Table 3 ) . Humidity (h igh ly corre l ated with s o lar radia­
tion ) a lthough important in determining the overa l l  number 
of algae , played a secondary ro le i n  de termini ng the numbers 
of each i ndividua l group of algae pre sent . Temperature was 
also important in de termining the distr ibution o f  the 
filamentous a lgae and Protococcus in the ungra z ed pas ture , 
but it wa s not s i gni f icant in determining the di s tribution 
of the dominant algae Ch lorococcum , Pinnular ia and 
Hant z s ch ia . Temperature was of primary impo rtance in 
determin i�g the d i s tribution of Chlorococ curn in the gra zed 
pas ture and could account for 4 3 . 8 %  of the variat ion in the 
Table 2 .  Ungra zed pas ture , results o f  the·. two- s tep additive multiple regres s ion 
( res ults s igni f i cant at the . 0 5 leve l ) .  
Dependent Var iables 
Independent Variable� 
( in order entered ) 
Protococcus viridi s  
F i lamentous Green Algae 
F i lamentous Blue- green 
Algae 
Temperature 
Temperature 
Temperature 
Humid i ty 
Multiple 
Corre lation 
Coe f f i c i ent 
( R )  
. 3 8 1  
. 2 3 9  
. 4 5 4  
Amount of 
Variation 
Expla ined 
( R2 ) 
. 1 4 5  
. 0 5 7  
. 2 0 6  
U1 
....... 
Table 3 .  Gra zed pas ture , results o f  the two- s tep additive mul tiple regres s ion 
( results s ign i ficant at the . O S leve l ) .  
Dependent Variable 
Chlorococcum humicola 
F i lamentous Green Algae 
Pinnular ia sp . 
Hantz schia amphioxys 
F i lamentous Blue-green 
Algae 
Total Algae 
Independent Var iab les 
( in order entered ) 
Temperature 
Temperature 
Humidity 
Temperature 
Humidity 
Temperature 
Humidity 
Temperature 
Humidity 
Humidity 
Multiple 
Corre lation 
Coe f f ic ient 
( R ) 
. ·6 6 2 
. 3 1 8  
. 3 9 6 
•. 2 7 7  
. 2 1 0  
•. 3 8 6  . 
' 
Amount of 
Variation 
Exp l a ined 
( R2 ) 
. 4 3 8  
. 1 0 1  
· . 1 5 7  
. 0 7 7  
. 0 4 4  
. . 1 4 9  
V1 
tv 
Table 4 .  Ungrazed pas ture , results of the f ive- s tep addi tive mul tiple regr e s s ion 
( resul ts s igni ficant at the . 0 5 leve l ) .  
Dependent Variable s 
Chlorococcum humicola 
Protococcus virid i s  
Filamentous Green Algae 
P innularia sp . 
\. 
Hantz s chia amphioxys 
Fi lamentous Blue-green 
Algae 
Tota l Algae 
Independent Variables 
( in order entered ) 
Humidity 
Humidity 
Humidity 
Temperature 
Gra s s  Cover 
Grass cover 
Temperature 
Mulch 
Standing Dead 
Humidi ty 
Standing Dead 
Gras s Cover 
Mu lch 
Mult1ple - - Amount of 
Corre lation Variation 
Coe f f i c i ent Exp l�ined 
( R ) ( R  ) 
. 4 5 6  . 2 0 8  
. 3 5 3  . 1 2 5  
. 6 1 1  . 3 7 3  
. 2 4 9  . 0 6 2  
. 4 2 5  . 1 8 1  
. 6 2 8  . 3 9 4  
. 2 4 2  . 0 5 9  
U1 
w 
Tabl e  5 .  Grazed pasture , re sults of the f ive - step additive mul tiple regre s s ion 
( results s igni ficant at the . O S leve l ) .  
Dependent Variables 
Chlorococcum humicola 
Protococcus viridis 
F i lamentous Green Algae 
P innularia sp . 
Hant z schia amphioxys 
F i lamentous Blue-green 
Algae 
· 
Independent Variab l e s  
( in order entered ) 
Temperature 
Humid i ty 
Gras s Cover 
Temperature 
Humidi ty 
Gras s Cover 
Temperature 
Temperature 
Mulch 
Temperature 
Humidity 
Gras s Cover 
Mulf:iPTe - - -- -AmouritOf 
Corre lation Vari ation 
Coe f f ic ient Explained 
( R ) ( R2 ) 
. 6 5 1  . 4 2 4 
. 3 1 3  . 0 9 8  
. 3 5 8  . 1 2 8  
. 5 2 6  . 2 7 7  
. 3 7 6  . 1 4 1  
. 5 4 1  . 2 9 3  
U1 
ii::.. 
numbe r  found . The · fact .that Chlorococcurn was so s t rongly 
affected by changes in temperature ( rainf a l l  and s o i l  
moi s ture ) would tend t o  support the hypothe s i s  that 
Chlorococcum re sponds more directly to the env ironmental 
fac tors than do the other algal group s . Thi s  would imply 
that the o ther group s of algae re spond to the change in 
numbers of Chlorococcurn . 
A f a irly l arge amount of the variati on ( 2 0 . 6 % )  in 
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numbers o f  the f i l amentous blue -green a l ga e  _ i n  the ungrazed 
pas ture could be expla ined by variations - i n  temperature 
and humid i ty . A much smaller percentage o f  the vari at ion 
( 4 . 0 % )  o f  the f i l amentous b< ue -green algae could be ex­
plained i n  the graz �d pa sture . Thi s  cou l d  be because the 
blue-green a l gae can re s i st de s iccation ( because of the 
gleatinous shea th ) and are therefore , not e l iminated in the 
_ graz ed p a s ture with change in the temperature . 
The f ive s tep multiple regre ss ion analys e s  ( Tabl e s  
4 and 5 )  added the environmental factor s : gra s s  cover ,  · 
mulch and standing dead . Temperature was the mo s t  
important independent variable i n  a l l  ca s e s  i n  the grazed 
pas ture except for the f i lamentous green algae . Temperature 
had a mor e  d i rect e ffe�t in the gra zed p� s ture than in _ 
the 
ungra zed pas ture . Again , as in the two s tep mul ti p l e  
regre s s ion , over 4 0 % o f  the var iation in Chlorococcum 
· ld. be explained by the environmental in the gra zed pas ture cou 
factors under consideration . However ,  i n  the f i ve s tep 
multiple regre s s ion both temperature and humid i ty had 
sign i f i cant e f fe cts , whi l e  in the two s tep mul ti p l e  re­
gre s s ion only temperature had a s igni f icant e ff e c t . 
Chloroco c c um again responded more s tro�gly than did the 
other a l gae to change s in temperature and humi d i ty . 
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Fourteen and one- tenth percent of the var i at ion i n  
Hant z schi a  and 2 7 . 7 % o f  the variation i n  P innu l aria i n  the 
gra z ed p a sture can be explained by temperature and h umidity , 
as compared to 1 8 . 1 % for Hant z s chia and 6 . 2 % for P i nnularia 
in the ungrazed pasture . The change i n  numb e r s  o f  di atoms 
wa s a l s o  c lo s e ly related to change s in temperature and 
humidity in the graz ed pas ture . 
The macrove getat ion in the gra z ed pasture s eems to 
have re l a t ive ly l ittle effect on the algal popu l ation 
compos i tion , except in the case of the f i lamento us green 
a lgae whe r e  it ac counts for 1 2 . 8 %  of  the var i ation . The 
reduced e ffect of the
.
macrovegetation in the g ra z ed pas ture 
could be due to the sma l l  amount of macrovegetation pre s ent 
in the g r a zed pas ture ; less than hal f  o f  the amount of 
macrovege tation in the gra �ed pas ture a s  i n  the ungr a z ed 
pas ture ( F i gure s 7 and 8 )  . 
In  the ungra zed pas ture , temperature was o f  l e s s  
importance i n  determining the di stribution o f  soi l
 a lgae 
than it was in the grazed pasture .  Temperatur
e was o f  
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primary importance in determining the d i s tribution o f  the 
f i l amentous b lue- green algae in both pas ture s . Humidity 
was mor e  important in the ungra zed pas ture i n  de termining 
the algae pre sent and it was of primary importance in 
determin in g  the d i tribution of Chl·orococcum , Protococcus 
and the f i l amentous green a l gae , which are a l l  r epre sent­
ative s of the Chlorophyta . Although more of the variation 
in numb e r s  of the filamentous forms could be e xp l a ined by 
the e nv ironmental fac tors than could be e xp l a ined for 
Chlorococcum , i t  should be noted that the f i lamentous 
forms d i d  not make up nearly as large a perc entage of the 
total a l gae as did Chlor c o c c um .  The gra s s  cover appeared 
to be the mo st important fac tor in determining the diatom 
population . 
Twe lve and eight- ten hs o f  the vari ation o f  the 
filamentous green al gae c an be explained in the _ grazed 
pasture by the gra s s  cover , whi le 3 7 . 3 % o f  the variation 
of the green f i l amentous algae in the ungra z e d  pas ture can 
be e xp l a ined by tempera �ure and humidity . For ty- two and 
iour - tenths percent of the variation of Chlorococcurn can 
be e xp l a ined by humidity and temperature in the . gra z ed 
pasture and 2 0 . 8 % of the variation can be expl ained by 
the se factor s  in the ungra zed pa sture . A much greater
 
percentage o f  the variation in the diatoms could be
 
exp lained by the environmental fac tors under con s ideration 
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in the _ gra z ed than i n  the ungraz ed pasture . 
�he macrovegetation ( particular i ly _ gra s s  cove r ) i s  of  
primary importance in determining the d i s tr ibution o f  the 
diatoms . I t  was . the mos t  important fac to r  i n  the ungr az ed 
pasture , wher e  the diatoms reac_hed the ir peak leve l s  both 
in numb e r s  and in percentage of the total algae . The 
diatoms appeared to be limited by temperature in the gra zed 
pasture . 
The Chlorophyceae in the ungrazed pas ture appeared to 
be l imited by humi dity , while in the gra z ed pas ture 
Chloroco c cum and Protococ·cus were both correl ated wi th 
temperature and humidity . The f i lamentous green a lgae in 
the gra zed pas ture were more clos e ly corre l ated with the 
gras s cover than were the other green algae . 
I n  both pas ture s , temperature and humidity were the 
dete rmining facto r s  for the distribution o f  the b l ue-green 
filamentous a lgae . In the ungra zed pas ture the vegetat ive 
cove r  ( mu l ch a�d s tanding dead ) also inf luenced the 
occurrence of the f i lamentous blue-green a lgae . A grea t  
deal o f  the var iat ion i n  the blue- gre en f i lamentous algae 
( 2 9 . 3 % in the gra zed pasture and 3 9 . 4 % i n  the ungra zed 
pas ture ) c an be explai1ied by these factors · 
C ame ron ( 1 9 6 4 ) found the dis tribution and abundance 
of algae in the s o i l  was determined by ava i lable l ight and 
moi s tur e . s toke s ( 1 9 4 0 ) also found moi s ture was important 
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in determining the d i stribution o f  soil a l gae ; however , he 
concl uded that temperature rather than l ight was the other 
maj or f ac tor i n fluencing s o i l  algal growth . S h i e l d  and 
Durr e l l  ( 1 9 6 4 ) and Rii s  ( 1 9 7 2 )  both conc luded tha t humidity 
(mo i s ture ) i s  more important in dete rmin ing · the d i stributioii. 
o f  s o i l  a l gae than i s  temperature . I n  the pre s ent s tudy 
temperature appears to be the most impor tant f a c to r . 
Temperature has a high ne gative corre lation coe f f i c ient 
with both so i l  moi s ture (r  = - . 8 6 )  _ and wi th r a i n f a l l  
( r  = - . 8 2 ) . Humidity , th e other factor s tudi e d , was not 
as important in l imi t ing algal growth . as was temperature . 
Temperature and humi d i ty , although impor tant in both 
pasture s ,  seem to be of more importance i n  the gra z e d  
pasture . The mac rovegeta tion p l ayed a gre ater ro l e  in 
determi ning the c ompos i tion of  the algal population in the 
u�gr a z e d  pas ture . The green algae and the b lue- g ree n  
filamentou s  a l gae responded more t o  changes i n  temperature 
and humi d i ty than they did to the other f ac tors , p articularly 
in the ungra zed pas ture .  Numbers o f  and d i s tr ib ut ion of 
the diatoms s e emed to be more closely related to the 
macrovegetation , al though a l l  of the groups , o ther than the 
green al gae , reacted to the macrovegetation i n  the ungra z
ed 
pas ture . 
I 
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Greenhous e S tudies 
Algal b i omas s  was me asured i ndire c t ly by chlorophy l l  
extrac t io n  t e chniques . McConne l l  and S ig l e r  ( 1 9 5 9 ) s tate 
that chlorophyl l  content may be used . a s  an indicator of the 
"magni tude o f  product ivity in rapid s treams '' . Plant 
b iomas s may be e s t imated by the total chlorophyll accord­
ing to McConn e l l  and Sigler ( 1 9 5 9 ) and Mos s  ( 1 9 6 7 a and b ) . 
McConn e l l  and S igler ( 19 5 9 ) also indicate that chlorophy l l  
samp l i n g  on a s imple random bas is would be mo s t  use ful in 
a s s e s s i ng the productivity of algae growing in mats , fi lms 
or c ru s t s . 
The amount o f  various ch lorophyl l s  pre s ent may give an 
indication o f  the c lasses of algae found in the soi l . 
Chlorophyl l  a i s  found in all of the algal c l a s s e s  and 
s ince i t  i s  common to all algal groups , the chlorophy l l  a 
leve l can i nd i cate re lative amounts o f  a l gae pre s ent � 
Chlorophyl l  b i s  present in the Chlorophyta and Eug lenophyta , 
whi le ch lorophy l l  c is  found in the Cryptophyta and the 
Chrysophyta ( Round , 1 9 6 6 ) . Tucker ( 1 9 4 9 )  found h ighly 
s ign i f i c ant agreement between algal counts and pigment 
extra c t io n . He indicated that such agre ement would occur 
by chance l e s s  than once in a thous and time s . 
Chlorophy l l s  a ,  b and c were determined spec trophoto­
me tr i c a l l y . Variance of the chlorophyl l  leve l s wi th the 
age o f  the a l ga l  co lony ( date ) , three s o i l  types ,  three 
wate r  l eve l s  and two light treatments was determined . 
S igni f i c ance o f  the results was evaluated by F te s t . The 
results s hown in the f igures # 9  - 2 8  are s ign i fi c ant at 
the 0 . 0 1 l eve l unle s s  otherwise indicate d . Re s u l t s  were 
not s hown in a f i gure unle s s  they were s igni f ic ant at 0 . 0 5 
leve l . 
Chl orophy l l  a and chlorophyl l  c both varied s igni fi­
cantly with the age o f  the algal population ( F igure 9 and 
1 0 ) . Chlorophy l l  increased con s i s tently throughout the 
enti r e  i nve s t i gation with one sharp increas e in l eve l 
duri�g the fourth week . Chlorophy l l  c a l s o  reached a high 
l eve l during the fourth week of the inve s ti gation and after 
a s li gh t  drop continued to increase unti l the end of the 
s tudy . Thi s  would seem to indicate that the total number 
of a�gae , as indicated by the chlorophyl l  a leve l , tended 
to increa s e  in numbers throughout the entire inve s tigation . 
The incre a s e  i n  chlorophyll c would s e em to indi cate that 
the Chrysophyta were also increas ing in numbers throughout 
the i nve s tigat ion . The lack of s igni f i c ant change in the 
chlorophyl l  b l evel seems to indicate that the n umber of 
repre sentative s of the Chlorophyta and Euglenophyta re­
mained f a i r ly cons tant . The increase i n  l eve l s  o f  chloro­
phyl l  a would then probably be due to an increa s e  in the 
other phy la .  Thi s  agrees with the direct micros copic 
obs e rvati on that blue-green filamentous algae wer e  the 
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mos t  abundant group . 
Al l three o f  the chlorophylls vari ed s ign i f icantly wi th 
the s o i l  type ( Figures 11 , 1 2  and 1 3 ) . Ch lorophyl l  c 
reached h igher leve l s  on the sand than did the o ther two 
chlorophy l l s . S ince al l of the chlorophyl l s  attained their 
highe s t  l eve l s  on the loam , it would s eem to indi cate that 
a l l  o f  the phyla grew bes t on a loamy s ubs trate . Each of 
the chlorophyl l s wa s at an intermediate leve l on c l ay , 
whi ch would indicate that all the phy la do l e s s we l l  on 
c lay . S and would appear to be the leas t s ui ted for algal 
growth o f  the three soi l types tested , s ince the chlorophy l l  
leve l s  w e r e  cons is tently lower o n  the s and s ub s trate than 
on the other s ub s trates . Al though chlorophy l l  c was pre­
s ent at its lowe st leve l s  on sand thi s  was the only sub­
strate whe r e  chlorophy l l  c reached higher leve l s  than the 
oth e r  ch lorophy l l s . Th i s  could be an i ndicat ion that the 
Chrysophyta are better ab le to respond and grow on a sand 
subs trate than are the other phyla of algae . 
Wate r  leve l s  a l so directly influenced the amounts of 
a ll thre e  chlorophyl l s  ( Figures 1 4 , 1 5  and 1 6 ) . All three 
chlorophyl ls reached the ir highes t  leve l s  under the 0 . 2  
bar water treatment . Chlorophyl l s  a and b had the i r  lowe s t  
leve l s . at 6 bars . Chlorophyll c ,  however ,  wa s a t  its 
lowe s t  l eve l at the 1 bar level . These res u l ts seem to 
ind icate that all  of the phyla except Chrysophyta i ncr
e ase 
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in numbe r s  in · a direct rel ationship with increas ing water 
avai lab i l i ty . Thi s  is in contra s t  to the findings of 
S tokes ( 1 9 4 0 ) , who conc luded· that 4 0  to 6 0 %  ava i l ab le water 
was the optimum for soi l algal . growth . Thi s  i nve stigation 
found tha t  Chrysophyta ( indicated by ch lorophyl l  c leve l )  
appeared to increase s l ightly in numbers , wi th a h i gher 
water ava i lab i l i ty . S�ch result could ind i cate that the 
Chrysophyta are limited by some other factor than water 
ava i labi l ity . Th is is particularly i ntere s ting in 
connection wi th the results of the field inve s tigation 
where the Chrysophyta ( Pinnul·aria and Hant z s·chia ) we re 
more abundant in the ungra zed than in the gra zed pa s ture . 
The diatoms were af fected by gra s s  cover in the ungra z ed 
pas ture and by temperature and soil moi s ture in the gra zed 
pas ture . The se resu lts would tend to indicate that the 
contro l l ing factor in di atom dis tribution was not so i l  
moi s ture , b u t  w a s  more likely temperature . 
Light inten s i ty was a s igni ficant factor in determining 
the amo unts o f  ch lorophyl l s  a and c pre s ent ( ch lorophyl l  c 
at the . 0 5 level of s igni f icance ) ( F igures 1 7  and 1 8 ) . 
Chlorophy l l  a reached its highest leve l s  under the sunny 
treatment ; chlorophyl l c ,  in contras t ,  reached its highe s t  
leve l s under the shady treatment . Again , thi s  would tend 
to ind i cate that the Chrysophyta react d i f fe rently from the 
res t  o f  the a l gae and re spond be tter to a shady environment 
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than to a s unny one . Once again thi s agree s  with the field 
data , where the diatoms ( Chrysophyta )  were more prevalent 
in the ungra zed pas ture and were more s trong ly corre lated 
with gra s s  cover than were the other . a� gae . Thi s  would 
indicate that the inf luence of the gras s cove r was probab ly 
due to its shading effect . 
The age o f  the algal population and the l ight treatment 
in combination had a s ignificant influence on the var iance 
of the l eve l s  of chlorophyl l s  a ,  b and c ( F igure s 1 9 , to 
and 21 ) . Thi s means that at different age s the a lgae re­
sponded d i f ferently to the different l i ght l eve l s . Under 
the shaded tre atment a l l  of the chlorophyl l l eve l s  were 
higher by the last col lec tion date than the ch lorophyl l 
leve l s  under the s unny treatment . The graphs indicate a 
s lowe r r ate of increase in alga l  biomass und e r  the shady 
condition , whi ch would cause it to reach its maximum. growth 
at a later date than the algal populat ion unde r  the s unny 
treatment . The data indicates that the a l ga l  popul a tions 
in fu ll s unl igh t  had already reached the ir maximum leve l 
and were decl ining in numbers by the time the s t udy was 
terminated . The a lga l p pul a tions under the shaded 
treatment appeared to be stil l increas ing in numbers by the 
end of the inve s t igation . 
Age o f  the alga l colony and water leve l in c omb ination 
al so s ign i f icantly influenced the leve l s  of c h lorophyl l s  
I 
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a and b .  Each o f  the chlorophyll s s howed di f ferent re­
spon s e s  to the different water leve l s  on dif ferent date s 
( Figure s 2 2  and 2 3 ) . Thi s  would mean that as  an a l ga l  
7 4  
culture age s its re sponse to avai lab l e  water change s . In  
general i t  s eems that al l of th� groups o f  al gae h ave a 
tendency to increase in numbers with the· age o f  the co lony , 
no matter what the leve l of water availab i l i ty . The 
larges t  amount of growth occurring at the h ighe s t  water 
level ( 0 . 2  bars ) and the smal lest amount o f  growth occurr­
ing at the lowe st water leve l ( 6  bars ) . 
S o i l  type and water leve l in combination inf l uence 
all three o f  the chlorophyll leve l s  ( F igures 2 4 , 2 5  and 2 6 ) . 
Thi s  means that e i ther the subs trate influence d  the way 
the a lgae reacted to the wa ter leve l s  or that the water 
leve l s  i n f l uenced the way the algae reacted to the s o i l  
type s . 
The age o f  the algal co�ony in relation to s o i l  type 
and the s o i l  type in re lation to the l ight leve l s  were 
s igni f i cant on ly in regard to the leve l s  of ch lorophyl l  
a ( F i gure s 2 7  and 2 8 ) . This indicate s that the re sponse 
in chlorophyl l  a to d i f ferent soi ls vari e d  as the exper iment 
proceeded . It would al�o ind icate that the a lgae reacted 
di fferent l y  to the l ight levels depending on the s o i l  they 
were growing in , or that the subs trate influenced the re­
action of the a lgae to the di fferent l ight leve l s .  
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Although there was only one soil  type in the f i e ld , 
where there we re probable differences in l i ght intens ity 
and s o i l  moi s ture , the field results coincided with the 
· · results from the controlled studie s .  
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ABSTRACT 
Soi l s ample s  were collected at biweekly interva l s  from 
two pas tures ( one grazed and one ungra z e d )  at Cottonwood 
Range Station near Wal l , South Dakota during the s ummer of 
1 9 7 5 . Ever y  othe r co llection date , quadrats surrounding 
the soi l  s amp l e s  were clipped and the macrovegetat ion 
divided into gras s cover , standing de ad , forb s a nd mulch . 
Var ious e nvironmental factors were also recorded throughout 
the s umme r . The soi l algal popul ation was eval uated ,  and 
total numbers of algae counted . The number o f  i ndividua ls 
were determined by genus ( in some cases by s pe c i e s ) and 
thes e  numbers analyzed through correlat ion to determine i f  
they tended t o  vary toge ther . The inf luence o f  e nviron­
mental factors on the soi l  algal population was a l s o  
evaluated by corre lation analys is . 
Addi tive s tepwise mul tiple regre s s ion was used to 
determine whether the · occurrence of s e le cted a lgal groups 
ip the s o i l  could be accounted for by various environmental 
factors . Temperature (which could not be s eparated 
stat i s t i c a l l y  from the e f fects of soil moi s ture and 
· rainfal l )  wa s found to play the dominant rol e  in deter­
mining the a lgal composit ion in the gra z ed pas ture , with 
humid i ty (wh i ch wa s s trong ly corre lated with s o l ar 
rad i at ion ) being of secondary importance . 
• 
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I n  the. ungra zed pas ture the macrove getation , e spec i a l ly 
the gra s s· cove r , became much more important in determining 
the spe c i e s  of a l gae found . The d i s tribution o f  the diatoms 
was particularly inf luenced by the gras s c ove r . 
Ch loroco·c curn hurnico l a  was the dominant a lga in both pas ­
tures and tended t o  react differently from the o ther algal 
groups ( blue-green f i l amentous a lgae , green f i l amen tous 
algae , diatoms and Protoeoccus viridis ) .  The s ame a l gae 
tended to be do�inant in both pasture s ; however , the un-
. gra zed pas ture had approximately twice the number of algae 
pre s ent a s  did the gra z ed pas ture . 
Chlorophyta was the dominant algal phy l um  i n  both 
pas ture s . The Chrysophyta were second in impor tance in the 
ungra z ed pas ture ; in the gra z ed pas ture the Chrysophyta 
and Myxophyta were about equa l in numbers and s hared thi s 
s econdary ro l e . 
Greenhous e s tudie s  were also conduc ted to eval uate the 
e f fects o f  s e l ec ted variables (water leve l , so i l  type and 
l ight l eve l s ) ,  under control led condition s , on the growth 
of s o i l a l g a l  populations . Ch lorophyl l  extrac t ion and 
spectrophotome try were used to determine the leve l s  o f  
chlorophy l l  a ,  b and c .  The chlorophyl l l eve l s  were used 
as a d i r e c t  indication of the algal bioma s s . Each of the 
environmenta l factors te s ted s igni f ican t ly a f f e c ted ( . 0 1  
leve l i n  mo s t  c a s e s ) the numbers o f  the s o i l  a lgae . 
• 
Different phyla o f  algae , as indicated by the i r  charac� 
ter i s t i c  chlorophyl l s , re sponded differently to the 
various environmental var iables • . In mos t  c a se s  the 
res u l t s  o f  the control led experiments con curred wi th the 
f i e l d  observations . 
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APPENDIX 
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Appendix Table 1 .  Temperature , Cottonwood , _South Dakota , summer 1 9 7 5 . 
Date s 
May 2 4  
June 7 
June 2 7  · 
July 17 
July 2 8  
Augus t  9 
Maximum Temperatur e s  
Averaged Betweenb Co l lection Date s 
2 1 . 8 
( from May 1 0 ) 
2 2 . 2  
2 3 . 7  
3 1 . 7  
3 4 . 8  
34 . 3  
Minimum Temperature s 
Averaged Between 
. co l lection . oate sb 
9 . 9  
( from May 1. 0 } 
8 . 1  
11 . l  
1 8 . 0  
1 7 . 5  
1 6 . 3  
aTotal temperature is ·in relative units 
.\ 
bMaximum and minimum temperature s are in degrees Ce ls ius 
Total Temperature 
One Week Prior 
to Co l lection ( avg ) a 
1 2 0 . 6 9 
1 1 5 . 1 4 
1 3 5 . 8 0 
1 7 6 . 1 4 
1 7 8 . 8 6 
1 7 1 . 6 7 
(X) 
U1 
• 
Appendix Table 2 .  Percent relative humidity , Cottonwood , South Dakota , summer 1 9 7 5 . 
Date s 
May 2 4  
June 7 
June 2 7  
July 17 
July 2 8  
Augus t 9 
Maximum Humidity 
Averaged Between 
Collection Date s 
9 2 . 1  
{ from May 1 0 ) 
8 9 . 8  
. 
8 6 . 9  
8 0 . 3  
8 9 . 8  
9 6 . 3  
Minimum Humidi ty 
Averaged Between 
Col lection Dates 
5 0 . 5  
{ from May 1 0 ) 
3 7 . 9  
3 6 . 4  
3 5 . 1  
3 6 . 5  
2 2 . 5  
Total Humidity 
One Week Prior 
to Co l l ection ( ave ) 
1 3 2 . 3 3 
1 2 2  
1 2 0 . 1 8 
11 1 . 8 6 
1 1 0 . 1 7 
1 1 7 . 8 2 
co 
°' 
• 
Appendix Table 3 .  Solar radiation , Cottonwood , South Dakota , summer 1 9 7 5 . 
Date s 
May 2 4  
June 7 
June 2 7  
July 1 7  
July 2 8  
., Augus t 9 
-
Percent Shady 
Days Between 
Co llection Date s 
5 5 . 6  
( f rom May 1 0 ) . 
5 8 . 3  
5 2 . 9  
3 6 . 8  
2 2 . 2  
4 4 . 4  
Peak Radiation 
Averaged Between 
Date s a 
1 . 0 2 
( from May 1 0 )  
1 . 3 0  
1 . 2 4 
1 . 2 6  
1 . 2 7 
1 .  2 0 
Total Solar Radiation 
Averaged for One Week 
Pr ior to Collectiona 
4 4 . 1 4 
5 7 . 0 0 
6 1 . 2 9  
6 0 . 2 9  
6 4 . 3 6 
7 1 . 5 6 
aBoth peak radiation and total radiation are measure s in relative units 
(X) 
-..J 
I 
Appendix Table 4 .  Rainfa l l  ( cm) , Cottonwood , South Dakota , summer 1 9 7 5 . 
Date s 
May 2 4  
June 7 
June 2 7  
July 1 7  
July 2 8  
Augus t 9 
·' 
Tota l Be tween 
Co l le ction Date s 
2 . 1 0 
( 5 )  a 
( from May 1 0 ) 
1 . 5 6 
( 8 )  
9 . 3 3 
( 9 )  
1 . 7 9 
( 1 0 )  
0 . 3 1 
( 1 2 )  
2 . 3 6 
( 1 0 )  
Total · for One 
Week Prior to 
Co l l ection Date 
2 . 1 1 
( 5 ) 
1 . 5 7 
( 8 ) 
3 . 4 8 
( 9 )  
0 . 0 0 
( 1 1 )  
0 . 3 0 
( 1 2 )  
0 . 0 0 
( 1 2 )  
aThe number in parentheses indicates the number of· rain gauges averaged to get the 
appropr�ate rainfall va lue 
Q) 
Q) 
I 
Append ix Table 5 .  Percent soi l moisture determined by the neutron probe , 
Cottonwood , South Dakota , summer 1 9 7 5 . ( For the top foot . ) 
Grazed Pasture Ungra zed Pasture 
Sampl ing Percent Soil Percent Soil Date Neutron 
Date s Watera Watera Reading Taken 
May 2 4  2 3 . 5  2 2 . 6  May 1 9  
June 7b 2 1 . 5  1 9 . 9  June 6 
. 
June 2 7  2 4 . 2  2 5 . 9  June 2 0  
July 17  2 0 . 2  1 8 . 9  July 7 
I 
July 2 8  1 3 . 7  1 2 . 8  July 2 1  
Augus t 9 1 3 . 5  1 2 . 9 . August 1 1  
aPercentage o f  soil moisture was obtained by averaging s ix neutron probe readings 
bpercentag� of soil moisture was obtained by averaging two neutron probe readings 
CX> 
\0 
9 0  
Append ix Tab l e  6 .  Greenhouse s tudy , experimenta l  set- up . 
. 2  bars ( 4 0  pots ) 
Sand 1 bar ( 4 0  pots ) 
( 1 2 0  pots ) 
6 b a r s  ( 4 0  pots ) 
. 2  b a r s  ( 4 0  pots ) 
S un ( 3 6 0  pots ) Loam 1 bar ( 4 0  pots ) 
( 1 2 0  pots ) 
6 bar s ( 4 0  pots ) 
. 2  bar s ( 4 0  pots ) 
Clay 1 bar ( 4 0  pots ) 
( 1 2 0  pots ) 
6 bars ( 4 0  pots ) 
. 2  bar s ( 4 0  pots ) 
Sand 1 bar ( 40 pots ) 
( 12 0  pots ) 
6 bar s ( 4 0  pots ) 
. 2  bars ( 4 0  pots ) 
Shade ( 3 6 0  pots ) Loam 1 bar ( 4 0  pots ) 
( 1 2 0  pots ) 
6 b a r s  ( 4 0 pots ) 
. 2  bars ( 4 0 pots ) 
Clay 1 bar ( 4 0  pots ) 
( 1 2 0  pots ) 
bars .( 4 0 pots·) 6 
-
9 1  
Appendi x  Tab le 7 .  Algae ·identi f ied from the grazed and the 
ungrazed pa s ture , Cottonwood Range S tation , s ummer 1 9 7 5 . 
The gene ra are arranged by phyl um and are l i s ted 
alphabe t i c a l ly . * 
Ungra z ed Pas ture 
Chl·orophyta 
Actinastrum sp . 
Ank i s trode smus s p . 
Ap1 ocys t 1 s  brauni ana 
Characium sp . 
Chlarnydornonas sp . 
Chlorel l a  s p  .. 
Chlorococcum hurnico l a  
Closteriops i s  long i s s irna 
Clos terium spe c i e s  # 1  
Clo s ter ium spe c i e s  # 2  
C lo s te·r i um spe c ie s  # 3  
D i c tyo sphaerium sp . 
Gloeocy s ti s sp . 
Hormid i urn s p . 
Microspora sp . 
Penium sp . 
Protococ cus vir idi s 
Protos iphon botryo ides 
S cenede smu s  sp . 
Spiroqy r a  sp . 
S tiqeo c l on i um sp . 
Ulothrix sp . 
Volvox s p . 
Unknown # 1  ( Micractinum 
sp . ? )  
Unknown # 2  ( unice l lular , 
spher i c a l  algae ) 
Gra z ed P a s ture 
Actina s tr um sp . 
Ankistrode smu s sp . 
Chlorococ c um humico l a  
Clo s terium specie s #1 
Closteriurn spe c i e s  # 2  
·G 1·oeocys t i s  sp . 
Hormid i um sp . 
Microspor a  sp . 
Protococcus vi r id i s  
Protosiphon bo t ryo id e s  
-Stiqe·oclon i um sp . 
Ulothri x sp . 
Volvox sp . 
Unknown # 1  (Mi crac t i n ium sp . ? ) 
Unknown # 2  ( un ic e l l u l ar , 
sph e r i c a l  algae ) . . .. 
-� . : . � _� ..  : 
-
Appendix Tab le 7 continued . 
Ungr a z e d  Pasture 
Chrysophyta 
Botryd i um sp . 
D.1atoma s p . 
Gomphonem i a  sp . 
Hant z s chia amphioxys 
Pinnular i a  sp . 
Navicula spec i e s  # 1  
Navicula spe c i e s  # 2  
Nit z sch i a  sp . 
Staurone i s  acuta 
S taurone i s  sp . 
Unknown # 1  ( order Pennales ) 
Unknown # 2  ( order Penna les ) 
Myxophyta 
Anabaena spe c i e s  # 1  
Anabaena spe c i e s  # 2  
Anacysti s sp . 
Calothr i x  sp .:  
Chroococcus sp . 
Lyngbya sp . 
Microco l eus sp . 
Nos to c sp . 
Oscil lato r i a  sp . 
Phormid i um sp . 
Unknown filament # 1  
Unknown ' f i l ament # 2  
Gra z e d  Pas ture 
Chrysophyta 
Amphora s p . 
Botryd ium sp . 
Hantz schia amph ioxys 
P in·nular i a  s p . 
Navi c u l a  spec i e s  # 1  
S taurone i s  sp . 
Myxophyta 
Anacy s t i s  s p . 
Chroo coccus sp . 
Lyngbya s p . 
Microcoleus sp . 
Nos toc sp . 
Oscil lato r i a  s p . 
Phorm1d1um sp . 
Unknown f i l ament # 1  
Unknown f i l ament # 2  
* Only thos e  a lga l genera where ind ividua l s  were 
encountered more often than ten time s are l i s ted . 
9 2  
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Appendi x  T ab l e  8 .  Multiple regre s s ion equations used to 
predic t  a l ga l  number (� ) by environmenta l factors ( x ) . 
( S ign i f i c ant a t  . 0 5 leve l ) .  
A 
Chlorococcum humico la yl = xl = Temperature 
A 
Y2 
= Proto coccus viridi s x2 
= Humid i ty 
A 
P innularia Y3 
= sp . x
3 
= Gras s Cove r 
,. 
Hant z schia y4 
= arnphioxys x 4 
= Standing D e ad 
A 
f i l amentous Mulch Y5 
= B l ue - green XS 
= 
algae 
A 
f i l anientous a lgae y6 
= Green 
,. 
Tota l Algae y
7 
= 
Two- s tep mul tiple regre s s ion equations for the ungra zed 
pasture . 
I\ 
1 . 3 1 x
1 Y 2 
= - 5 9 . 2 7  + 
A 
. 8 1 x
1 
+ . 6 6 X2 Y 5 = - 6 4 . 3 3 + 
A 
- 4 . 8 6 . 3 1 x y 6 
= + 
1 
Two- s tep mul tiple regres s ion equations for the gra z ed 
pas ture . 
A 
3 0 3 . 1 0  - 2 . 7 0 X1 yl = 
A 
- 8 2 . 9 3 + . 8 8 Xl + . 7 1 X2 Y 3 
= 
�4 = - 3 5 . 8 1 + . 4 2 X1 + 
. 4 3 x2 
9 3  
-
9 4  
Appendix Table 8 continued . 
A 
Y5 
= - 1 8 . 4 2 + . 2 8 Xl + . 3 3 x2 
A. 
y6 
= - 3 0 . 2 4 + . 4 0 Xl + . 4 9 X2 
A 
Y7 = 6 9 . 7 8 + 3 . 7 5 X2 
F ive - s tep mul tiple regre s s ion equations for the ungra z ed 
pasture . 
A 
y l 
= - 3 . 4 8 + 1 •. 8 4  x2 
A 
Y2 = 1 3 2 . 8 8 
- 1 . 8 6 X2 
A 
Y 3 
= 5 6 . 2 9 + 1 . 2 1 X 3 
�4 = 2 8 . 0 3 + 1 . 2 4 X 3 
" 
- 7 5 . 0 4 . 9 2 . 1 7 x5 1 . 1 4 X4 . 7 2 X 2 Y5 = + X1 + - + 
,... 
1 . 2 9 . 4 8 x1 y 6 = 1 1 5 . 6 6 - X2 -
I\ 2 . 4 3 x3 . 7 6 Y7 
= 3 2 4 . 4 9 - 5 . 8 5 X4 + + X5 
F ive - s tep mul tiple regres s ion equations for the grazed 
pasture . 
21 = 1 1 8 . 1 6 - 1 . 3 0. x1 + 1 . 7 X2 
,... 
. 7 8 1 . 1 5 X2 Y2 
= 1 4 3 . 6 8 - Xl -
I\ 
6 1 . 5 2 1 . 0 0 Xl Y3 = + 
/\ 
. 5 1 Xl 
+ 
. 3 4 X5 Y4 = - 2 9 . 3 5 + 
A 
. 5 8 . 8 2 X2 + . 9 6 X 3 Y 5 
= - 6 9 . 0 8 + xl 
+ 
A 
1 . 0 6 X 3 y6 
= 2 0 . 6 6  + 
.. 
-
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